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FOREWORD

Contract NASw-943, Rankine Cycle Test Facility Study, was negotiated
between the National Aeronautics and Space Administration Headquarters and the
General Electric Company on April 15, 1964. It provided for an analytical
study of the facility requirements for testing an advanced liquid metal Rankine
cycle energy conversion system. Various parameters of power level, maximum
temperature and chamber vacuum level were established by the contract for
initial review. One set of conditions was agreed upon at the end of Phase I

and a detailed study of these conditions was made.

Mr. Robert H. Wettach was Project Manager for this study. Mr. William W.
Shoemaker was the technical engineer responsible for the loop design. Dr. J. W,
Semmel, the metallurgical and vacuum engineering consultant, contributed
significantly in these areas. Mr., J. L. Markwalter was responsible for instru-

mentation.

A major portion of the study effort, primarily relating to the vacuum
chamber and the supporting buildings and utilities, was subcontracted to the
Bechtel Corporation. Mr. Donald Furlong was Program Manager for the Bechtel
effort. He was assisted by Mr. David J. Goerz who developed the vacuum and

cryogenic systems and by Mr. Kenneth R. Broome.

The Project Manager expresses his appreciation for the guidance of Mr.

Joseph P. Joyce, NASA Technical Program Manager.
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ABSTRACT

A preliminary analytical study was performed to determine facility require-

ments for testing liquid metal Rankine cycle components. The facility was to

be capable of testing individual components or a group of components comprising

a complete test loop. After an initial survey, the following final conditions

were selected for the study:

5.

Maximum electrical output - 2 MW (Thermal input - 15 MW)
Maximum fluid temperature - 2200°F

Three-1loop system

a. Heating loop fluid ~ Lithium (Li)

b. Working loop fluid - Potassium (K)

c. Heat rejection loop fluid - Sodium - Potassium Eutectic (NakK)

High temperature containment material to be a refractory material
such as columbium alloy.

The Space Power Chamber at NASA Lewis Research Center to be
modified for the vacuum chamber.

Principal results and conclusions derived from this preliminary analytical

study are:

1.

Conversion of the Space Power Chamber at NASA-Lewis is feasible

for this project and presents a reasonable approach to providing a
vacuum chamber for testing a 15-MW (2 MW electrical output), 3-loop
Rankine cycle test facility.

The vacuum requirements of 5 x 10”9 torr steady state test condition
for all condensable gasses and 1 x 10"5 for 300 hours maximum
allowable hydrogen pressure during startup are attainable.

FS-85 columbium alloy is recommended as the liquid metal containment
material.

Some development programs are necessary before initiating final
design. The most important of these programs is an evaluation of
material outgassing so that the calculations prerequisite to
selection of materials to meet vacuum level requirements can be
accomplished with reasonable assurance.

The total time required to design, build and install this facility
would be 48 months after selection of loop containment material.
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LIST OF SYMBOLS
(Unless otherwise specified in particular equations)

Allowable contamination by weight, ppm
Density, gm/cm3

ticking factor
Hydrogen gas load, torr-liters
Liters
Weight. pounds
Molecular weight
Partial pressure, torr
Throughput, torr-liters per second
Second
Pumping speed, liters per second
Time, hours
Temperature, ©°K

Wall thickness, inches
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I. INTRODUCTION

The work scope of this contract was divided into three phases. Phase I

required a feasibility study and cost analysis of the following parameters:

1.
2,
3.

A 30 MW heat source compared to a 50 MW heat source,

A 10-8 torr vacuum system compared to a 10-9 torr vacuum system.

A primary loop with lithium as the heating fluid at its optimum
temperature compared to sodium as the heating fluid at its optimum

temperature.

In addition, Phase I required an investigation of the feasibility of utilizing

a single loop to test and develop flight-type components by making provisions

for bypassing workhorse components already in the loop.

The following Phase I recommendations were made at a formal presentation

to the NASA Lewis Research Center on June 26, 1964.

1‘
2,

Select a 30 MW heat source.

Establish the following vacuum capabilities:

a) 2 x 10'-9 torr for 02 and N,

b) 1 x 10—9 torr for water vapor

c) 1 x 10-8 torr for H2

d) 500,000 Liters/second H2 pumping speed

Utilize a lithium primary hegting loop at 2200°F maximum temperature.
Do not plan on bypassing comﬁonents with a valving system but rather

plan on welding components into place as needed.

A, Test Facility Description

After considering the Phase I recommendations, the NASA Project Manager

established the following facility description for the guidelines of Phases II
and III,

1.

The test facility shall have the capability of testing full scale Rankine
cycle components singly, with the assistance of facility "workhorse"
components, or together, to simulate hardware of one Rankine cycle power

generator. This capability will not include the reactor and radiator.



Specifically, a capability for development and endurance testing of the following

items are required.

2.

a) Turbines

b) Boilers

c) Condensers

d) Turboalternator packages

e) Circulating pumps

f) Condensate pumps
The facility shall be designed to achieve a high degree of versatility with
a useful life expectancy of 10 years. The facility shall have a design
objective of meeting test requirements for a wide range of Rankine cycle
power plants from a moderate temperature, 100 kilowatt electric power output
conversion system to a very high temperature, 2 megawatt electric power
output conversion system.
The test facility shall include a 3-loop system comprised of a liquid-lithium
heating loop, a two-phase potassium boiling loop, and a NaK heat rejection
loop. A vacuum chamber shall house the 3-loop system and provide the required

high temperature loop environment. The facility shall have the following

characteristics:
a) Location Lewis Research Center, Cleveland, Ohio
b) Life 10 years of intermittent operation with
a minimum of 30,000 hours operation at
design temperatures.
¢) Thermal input The thermal input shall be determined by the
requirement for a maximum electrical power
output of 2 MW,
d) Heating fluid 2200°F
maximum temperature
e) High-temperature (1) 5 x 10_9 torr as a steady state test
100p environment condition for all condensable gasses.

-5
(2) 1 x 10 torr for period of 300 hours,
maximum hydrogen pressure during startup.

f) Heat source Electric




g) High temperature Alloys of columbium. Heat rejection loop to
containment material be stainless steel.

h) Heat rejection 1500°F maximum
temperature

i) Heating fluid Li

j) VWorking fluid K

k) Heat rejection fluid Nak

. . . . - 1 ”
The three-lcop test system is defined to include facility 'workhorse

components designed with present technology. No development components
shall be considered during this study. It will be possible to remove
"workhorse" components in such a way that development test components can
be welded into the loop in place of the facility component. A turbine
simulator shall be provided with sufficient space for testing of future
turbine and turbine-generator packages. The construction of the weld joints
shall be such that the facility component can be placed back into the loop
for further testing of some other test component.

The Space Power Chambers (SPC), formerly the Altitude Wind Tunnel located
at NASA Lewis Research Center, Cleveland, Ohio, shall be considered for
modification as a vacuum chamber. Equipment and facilities, which are
currently part of the Altitude Wind Tunnel facility shall be used whenever
practical. Adjacent buildings shall be considered potentially available
for this project.

NASA Lewis shall be responsible for providing the electrical power to the

DC acyclic generator drive motor.

Study Tasks

Phase II was divided into three tasks as defined below:

1.

Task 1

Perform a Feasibility Design Study of modifying the Space Power Chambers
for the vacuum chambgr required to house the three-loop test system
defined above. The areaé of study shall include:

a) Analyze present NASA facility drawings.

b) Conduct detailed site survey.



¢) Conduct a hazards analysis,

d) Evaluate access to site,

e) Evaluate chamber volume to accommodate test loop.

f) Evaluate site and building for possible relocation of equipment,
control room and work space.

g) Evaluate the operation of the chamber at a vacuum level in the 10_9
torr range.

h) Analyze site utilities such as cooling water, waste disposal, shop air,
heating, power, etc.

i) Evaluate structure of present chamber.

Task 2

Identify significant technological problem areas associated with the

construction, instrumentation and operation of the Test Facility described

above which require solution prior to construction of such a Test Facility.

These problem areas covered shall include but shall not be limited to the

following:

a) The probability, time and expense required to provide D-43 (X-110)
and FS -85 advanced columbium base alloys in sizes and shapes for facility
fabrication,

b) The minimum required wall cooling compatible with the chamber vacuum
defined above (compare refrigerants, their installation and operating
costs).

c) Improvement of facility control by utilizing a preheater in the boiling
loop.

d) Determine maximum amount of hydrocarbon backstreaming that can be expected
from facility vacuum pumps.

Task 3

Prepare preliminary design drawings and specifications fox the test facility

as defined above. A preliminary design as used herein is defined as follows:

a) Instrumentation flow schematic.

b) Drawing showing location of major components and test loop configuration.

¢) Requirements and general specifications of major components requiring

development which would include but not be limited to:




(1) Electrical heat source

(2) Instrumentation

(3) High temperature liquid metal valves

(4) Liquid metal pumps
Phase III consisted of the development of a construction schedule, setting
forth milestones by major task areas which include time required for any
research and development necessary to permit construction of the test

facility.

Summary of Work Effort and Results

1) Considerable attention was given to an analysis of the reactive gases

in establishing the vacuum requirements, The outgassing of stainless steel,
extrapolated to high temperatures, was considered with respect to potential
chamber pumping capacity and limiting the contamination of refractory alloys.

These studies lead to the recommendation that the partial pressures be held

9 9

to 2.5 x 10_9 torr for oxygen, 1.25 x 10 ° torr for nitrogen, and 1.25 x 10
torr for carbon containing gases, which results in a 5 x 1079 torr require-
ment for reactive gases in general. For this particular facility, it is
desirable to maintain a lower water vapor pressure to prevent the reduction
of the water vapor by the refractory alloy and the resulting absorption of
oxygen. Overall, it is evident that the test facility and the vacuum pumping
systems can be properly matched to maintain the contamination of refractory

alloys at conservative levels.

2) Fabrication of the refractory alloy to construct the 15 MW facility will
require a scale-up program to produce the basic mill products and to Jjoin
large sections. The heat rejection portion of the liquid metal facility
can be constructed of stainless steel. Expectations are that satisfactory
performance will be obtained from bimetallic loops with consideration of

several precautions. These include the following:

1. Using Type 316 L SS to maintain the carbon content below 300 ppm.
2., Designing the refractory alloy bimetallic loop components and their
location in the facility so as to minimize the difficulty and cost of

their replacement.



3)

4)

3. Including in-line hot traps of titanium just ahead of the refractory
alloy portion of the loop.
4, Restricting low temperature operation (below about 1200°F) where
gettering is relatively slow.
The test facility consists of three liquid metal loops. The primary
loop, a lithium liquid loop in which the lithium is heated to 2200°F,
has a columbium alloy as the containment material, and the entire loop
is enclosed within the vacuum chamber. The secondary loop is a potassium
vapor loop in which the vapor is generated at 2050°F. The containment
material is a columbium alloy, and the entire loop is also enclosed
within the vacuum chamber. The radiator loop is a NaK liquid loop in
which the liquid is heated to 1395°F, the containment material is Type
316 L stainless steel, and the major portion of the loop is outside the
vacuum chamber., The loop components, both inside and outside the vacuum
chamber, have been designed for long life and a wide range of operating
conditions. A workable design of the loop both inside and outside the
chamber was prepared.
A review was made of existing NASA drawings and a site survey was
conducted to evaluate the facility and buildings for use and relocation
of equipment, work spaces, and control room. The access to the site and
the availability of utilities, as well as restrictive limitations such
as building and stack heights, were determined.
Studies were made of the utilization of the wind tunnel and its present
pumping systems to provide the necessary vacuum environment and to
provide services for the test loops with limited structual modifications
or additions. Alternative gearing arrangements were considered for use of

the wind tunnel motor as a drive for the primary heater acyclic generators.

Vacuum pumping systems were considered and a combined system using the
existing equipment with the addition of ion and cryo-pumps was selected

to provide the most practicable pumping capacity consistent with the
chamber size and intended service. Refrigeration systems were also eval-
uated and sized to remove the test loop radiated heat and to provide cold
walls for cryo-pumping of 100°K (-279°F) condensable gases. A NaK heat
rejection loop radiator and blower system was sized and located. A scrubber

was provided to remove atmospheric contaminants from selected spaces as required.

-8~




5)

The auxiliary systems were located consistent with the limits imposed

by site restrictions. Refrigeration and electric equipment was located

to minimize cryogenic piping length and the high-current, low-voltage

bus bars.

Modifications to the existing wind tunnel are proposed for providing
structural support for an inner chamber, vacuum pumping systems, test

loops, and improved chamber access. Penetrations for electrical bus bars,
view ports, instrumentation leads, and cryogenic piping were conceptually designed.
These and a number of other areas were examined and drawings prepared to

delineate the arrangements and concepts selected.

The instrumentation for the test facility is broken into three categories;
namely, facility, vacuum system and loop., The facility and vacuum system
instruments are standard types employed in the process and vacuum industry.
The control panels for the facility and vacuum systems have two types of
graphic displays. One is a block-diagram presentation showing system
operation by illustrating main vessels, equipment, and line layout. The
other displays a sequence of events and illuminates each event in turn

as the sequence is followed.

The loop instrumentation consists of instruments currently being used in
liquid metal systems and a discussion of the problems associated with the
specific type of instrument. The position of the loop instrumentation

for monitoring and control is shown on a loop schematic drawing. The
output of each transducer is amplified to a voltage level in the order of
one volt for control, storage and display purposes. The meters are located
on two graphic display boards depicting the loop system: one board (which
also contains the controls) for loop operation; the other board displays
engineering data as required. The recording of data is in a digital and
numerical (visual) form. The recorded data are on magnetic tape and
punched paper tape. The visual numerical data are printed on adding
machine tape. The punched and magnetic tapes are suitable for computer
data reduction operations and for data storage. A typical instrumentation

data handling system for this facility is included.



D.

Conclusions

Results of this study are enumerated below.

1)

2)

3)

4)

5)

The design and construction of a 15 Megawatt (thermal) Test Facility for
testing Rankine Cycle components as presented in this study is feasible
and entirely within the present day state of the art and capability of
industry. The design presented in this study represents one solution to
providing the facility. There are other equally possible approaches

and this approach needs additional engineering to arrive at the optimum
system.

The total length of time required for this program is 48 months after the
selection of materials. It is expected, however, that a development program
on the outgassing of materials will require at least 6 months before the
selection of materials can be finally established.

A steady state vacuum of 5 X 10_9 torr for all condensable gases is
required in the vacuum tank during testing. If the test time is 30,000
hours the time pressure product for the condensable gases in the chamber
would be:

2.5 x 10"9 torr x 36;000 hrs. for oxygen

1.25 x 10—9torr x 30,000 hrs. for nitrogen

1.25 x 10_9torr x 30,000 hrs. for carbon containing gases

A time pressure product of 1 x 10_5 torr for 300 hrs. maximum is required
and attainable in this facility for hydrogen during startup.

The liquid metal portion of the study consists of 3 loops. The primary
loop is a lithium liquid loop, the secondary loop is a potassium vapor

loop and the tertiary loop is a NaK liquid loop. The primary and secondary
loops are totally contained within the vacuum chamber and the containment
material is FS-85, a columbium alloy. The tertiary loop is located outside
of the vacuum chamber and the containment material is Type 316 L stainless
steel.

The conversion of the Space Power Chamber at NASA Lewis for this project

is feasible and presents a reasonable approach to providing a vacuum

chamber for testing a 15 MW, 3 loop, Rankine cycle test facility.

-10-




6) The major problems associated with this project are as follows:

a) An evaluation of material outgassing so that the calculations leading

b)

c)

d)

e)
£)

to the selection of materials to meet the vacuum level requirements

can be accomplished with a reasonable amount of assurance. This
program would take approximately 12 months.

Space Power Chamber structural integrity, high current bus connections,
decontamination and leak detecting. This program would take approximately
6 months,

Material handling of test components within the chamber. This program
would take approximately 6 months.

The refractory alloy scale up, property determination and joining. This
program would take approximately 21 months.

Valve development, This program would take approximately 18 months.
Liquid metal pump development. This program would take approximately

6 months.

-11-
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II. VACUUM ENVIRONMENTAL REQUIREMENTS

Columbium and tantalum alloys react with oxygen, nitrogen and carbon which
are residual gases in high vacuum systems, and the gradual absorption of these
constituents by the alloys can substantially reduce their ductility and weld-

(6D

ability. This contamination can also proceed to such an extent that the
material resistance to corrosion by alkali metals is markedly reduced.(z) In
addition to the contamination or gettering action of the alloys, they can also
present a significant gas load on the vacuum system by outgassing substantial
quantities of hydrogen, particularly during the initial periods of facility
operation. The procedures used to define the hydrogen pumping requirements

and the vacuum requirements for protecting the test loops from excessive con-

tamination are outlined below.

Loop construction, support structures, and instrumentation also require the
use of materials other than refractory alloys, mostly stainless steel. The
outgassing of stainless steel, particularly at relatively high temperatures,
is considered with respect to limiting the contamination of the refractory alloys.
Definitive data on stainless steel outgassing are lacking and assumptions must
be made. These are described along with the needs for experimental work to
define more accurately stainless outgassing rates, refractory alloy contamination
in high vacuum environments, and the influence of contamination on material

performance.

A. Reactive Gas Pressure Limitations

The most thoroughly studied case of contamination is the reaction of oxygen
with Cb-1Zr. Under NASA Contracts NAS3-1903 and NAS3-4169, performed by the
General Electric Company, Cb-1Zr specimens have been exposed to predominately
oxygen environments in the 1 x 10'5 to 1 x 10—7 torr pressure range for 236-hour
periods at 1800° and 2000°F. A preliminary evaluation of the data by C. A. Barrett
of the NASA-Lewis Research Center has led to the following tentative conclusions.
At low pressures the extent of contamination is proportional to the number of
oxygen molecules which collide with the Cb-1Zr surface. Calculation of the
1) Data being developed (unavailable at this time) by Westinghouse Electric under

contract to NASA,.

2) ORNL-3424. Corrosion Mechanisms in Refractory Metal-Alkali Metal Systems.
Aug. 30, 1963 by E, E. Hoffman and J. R. DiStafano.

-15-
’ PRECEDING PAGE BLANK NOT FILMED.



number of collisions from the kinetic theory of gases reveals that only a small
fraction of these collisions result in sticking and absorption of the oxygen by
the Cb-1Zr. The probability that an oxygen molecule will stick, which is also
called the sticking factor, is believed to be less than 0.10 for the conditions
examined.(l) At higher pressures or at relatively high levels of contamination,
the rate of contamination can decrease with the exposure time; however, for the
amounts of contamination which are of interest here, it is appropriate to assume
that the contamination rate remains independent of the exposure time. For the
purpose of defining pressure requirements for the test facility, the conclusions
from the contamination experiments can be expressed in the following way:

B -8 cwd 1 2

where:

P is the allowable oxygen partial pressure in torr

c is the allowable contamination in ppm by weight-200 ppm for

columbium alloys and 100 ppm for tantalum alloys

f is the sticking factor - 0.10 for oxygen on Cb-1Zr

w is the minimum tube wall or sheet metal thickness in inches -
0.100 inch
is the density in gm/cm3 - 8,6 for columbium and 16,6 for tantalum
is the exposure time in hours - 30,000 for the test facility

is the molecular weight of the gas - 32 for oxygen

B R o Q

is the temperature of the ambient gas (gauge) in oK, about 4OOOK (260°F)

This leads to an allowable oxygen pressure of 2.5 X 10—9 torr for columbium
alloy. (See Table 1.) The pressure can, of course, exceed this value for short
periods, such as during start-up; the critical requirement being that the time-
partial pressure product for oxygen .should not exceed the 30,000-hour-2.5 x 10_9
torr product during the test facility operating life. Table 1 shows the allowable

partial pressure for the other reactive gases.

A number of assumptions must be made in applying the existing data to the
projected test facility condition. It is assumed that the experimentally observed

sticking factor remains unchanged when: (1) the pressure is decreased by about a

1) Private cummunication with Mr, C. A, Barrett of the NASA-Lewis Research Center.

2
2) Equate the total allowable contaminant in gms/cm to the wt. of contaminant

striking a unit surface (Vacuum Technique by Dushman, Page 17, Eq. 6b) and solve

for pressure.
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factor of 40, (2) the exposure time is increased by about a factor of 100,

(3) the exposure temperatures are outside of the 1800° to 2000°F range, (4)
gases other than oxygen are present in substantial quantities, (5) columbium

or tantalum alloys other than Cb-1Zr are involved, and (6) that the sticking
factor is independent of the various surface conditions and treatments which
may be applied to the alloy. No direct experimental evidence has been found

to support this assumption and some critical tests should be undertaken. While
some of these assumed items undoubtedly influence the sticking factor, it is not
probable that they would greatly increase the sticking factor. With regard to
the sticking factor in general, it should be noted that the largest possible
increase would be a factor of 10 which would lead to a pressure requirement of
2.5 x 10710 torr. Items (3) to (5) are most deserving of experimental investi-

gation.

The other significant assumptions which are made concern the allowable con-
tamination of the refractory alloys are as follows: 1) An increase of 200 ppm
has been selected for columbium alloys and an approximately equivalent increase
on an atomic basis has been chosen for tantalum alloys (100 ppm), both averaged
across a material thickness of 0.10 inch. (As will be mentioned later, additional
allowances must be made for contamination by nitrogen and carbon), 2) The oxygen
allowance has been set about as low as considered practical, mainly to assure
that the facility can be modified after use by welding under constrained con-
ditions. It is presently assumed that highly strengthened refractory alloy
containment materials would be used and that weldability in the contaminated
condition is the major factor in establishing permissible levels of contamination,
(There has been no systematic investigation of the effect of prior contamination
on the weldability of the stronger containment alloys under constraint. The
matter should be examined experimentally, and the material performance in this
regard should be considered an important criterion for the alloy selection. In

general, the allowable contamination level can be increased, possibly by a factor

of five, by resorting to more weldable and usually weaker alloys; a major objective,

however, is to obtain a reasonable balance between strength and weldability in
complex situations). 3) While it is also true that contamination can reduce the

corrosion resistance to alkali metals, it is assumed that the containment alloy
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will have a substantial alloying addition of zirconium or hafnium which will
effectively combine with oxygen and provide adequate corrosion resistance at
oxygen contamination levels on the order of 1000 ppm. It should be noted that
the selection of 100 to 200 ppm oxygen contamination limitations could not be
reduced very substantially, inasmuch as a lower, but still comparable, amount
of contamination must be expected in the processing and heat treatment of the

initial mill products.

As mentioned earlier, the reaction of oxygen with Cb-1Zr has been examined
in some detail. 1In contrast, the contamination by gases containing carbon and
nitrogen has received substantially less attention, making it necessary to
establish pressure requirements in the following assumed fashion. It is assumed
that sticking factors for the various residual gases in the vacuum system will
not substantially exceed the value of 0.10 used for oxygen. The effect of
contamination by carbon and nitrogen on weldability is assumed to be equal to
or more severe than the effect of oxygen. As a matter of safety, the allowable
pressures of nitrogen and carbon containing gases are set at 1.25 x 1079 torr
which is more restrictive than the requirement for oxygen by a factor of two.v
Assuming equal sticking factors of 0.10, the total contamination for 0.100 inch
thick material has been set at about 200 ppm oxygen, 100 ppm carbon, and 100 ppm
nitrogen for columbium alloys and half of these values for tantalum alloys.
Needless to say, the reaction of nitrogen and carbon containing gases with
columbium and tantalum alloys and the influence of contamination by these con-

stituents on the material performance requires investigation.

In summary, it is recommended that the partial pressures be held to 2.5 x 10-9
torr for oxygen, 1.25 x 10~9 torr for nitrogen, and 1.25 x 1072 torr for carbon
containing gases, which results in a 5 x 10~9 torr requirement for reactive gases
in general. For this particular facility, it is desirable to maintain a lower

water vapor pressure, as will become evident in the following discussion.
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B. Hydrogen Outgassing From Refractory Alloys

Columbium and tantalum alloys contain hydrogen which can outgas for long
periods of time during loop start-up and operation. While this probably does
not influence the alloy behavior, it presents an operational problem. The
pressure exceeds the customary 10“8 to 10—9 torr limitations, and although
monitoring with a mass spectrometer will show that most of the gas is hydrogen,
there is some uncertainty as to whether the appearance of hydrogen merely
results from columbium and tantalum outgassing or whether it results from the
detrimental reaction of water vapor (and possibly other gases containing
hydrogen) with the refractory alloys. (Experiments conducted under NASA
Contract NAS3~1903 have shown that when water vapor is admitted to a high vacu-
um system containing hot Cb-1Zr, the water is reduced, the oxygen is absorbed,
and a high hydrogen pressure is observed with a mass spectrometer). It then
becomes desirable to provide an adequate pumping capacity to remove the hydrogen
which outgasses from the refractory alloys, and it is essential that the vacuum
system design and operation is such that substantial amounts of water vapor are
not permitted to be present. With the high pumping speeds for water vapor that
is provided by the cryopanels, there is little reason for a water vapor reaction

producing hydrogen to be confused with hydrogen.

The hydrogen outgassing load from the refractory alloys and the desired
pumping speed has been estimated in the following way, using a columbium alloy

as the example:

H=L (cx 10°°) 454 g%%' 0.5 MQéﬁi 22.4 ;ifzrs zgggﬁ 760 torr
H=4.8 Lc
where:
is the hydrogen gas load in torr-liters at 1500F
is the weight of columbium alloy in pounds - assume 70,000
pounds for the test facility
c is the hydrogen content of the alloy in ppm by weight - assume
15 ppm for columbium alloys
S = 35%6?? - 1.33 x 1073 —%% “
where:
is the required pumping speed in liters per second
P is the maximum allowable hydrogen pressure in torr - assume

1 x 100 torr

(1) Equation (4 - 7), Modified High Vacuum Engineering by A. E. Barrington, p. 49.
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t is the time in hours permitted to outgas the facility during

startup - assume 300 hours.

This leads to a pumping speed requirement of about 5 x 105 liters per second
(Ref. Fig. 1) which is economically practical, as was planned in advance. It
should be carefully noted that the time-pressure product of 300 hours-1 x 10_5
torr exceeds the allowable time-pressure product for oxygen by a factor of 40,
which illustrates the necessity for assuring that the hydrogen cutgassing is
not confused with the reaction of water vapor or other hydrogen containing
gases with the refractory alloy. Increasing the pumping speed for hydrogen

by a factor of 40 just to minimize this situation is economically impractical.

If a tantalum alloy were chosen as the example, the total weight of the alloy
would remain essentially the same (the allowable stress for a tantalum alloy is
higher but the density is higher also) and the hydrogen content of the alloy, in
ppm by weight would be 10 ppm, which is two-thirds of that assumed for
the columbium alloy. Therefore, the pumping requirement for hydrogen would be

two—thirds of that chosen for the columbium alloy.

Little is known of the fine details of hydrogen outgassing and the conditions
which arise upon heating large refractory alloy loops to the test temperature.
For example, the 300 hour-l x 10'-5 torr time-pressure product might have been
presented just as well by assuming 3,000 hours and 1 x 10_6 torr and then re-
quiring slower initial heating of the test facility. It would be desirable
for somewhat academic reasons to know enough about the effects of time, tempera-
ture, pressure, concentration, etc. on the outgassing rate to define the hydro-
gen gas load during system operation. It is recognized that this gas load may
remain sufficiently large, even after a nominal start-up period, that it may be
the controlling factor with respect to establishing the total pressure in the
system throughout most or all of the 30,000-hour operating period. It is doubtful
that there is sufficient information availaale to predict the hydrogen gas load as
a function of time for such a complex facility, and as a result it may be impossible
to predict the total system pressure after prolonged operation. However, this is
not a serious limitation, even if the pressure exceeds the 10_9 torr range, provided
that there is adequate assurance that the hydrogen does not arise from the reaction

of other hydrogen bearing gases with the refractory alloy facility. Water vapor
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would be the major hydrogen containing gas, but the very high pumping speed for
water vapor (7.1 x 107 liters per second) should maintain its pressure at a suitably

low value as is illustrated on the following pages.

C. _Outgassing From Stainless Steel and Thermal Insulation

Calculation of the gas loads from the vacuum chamber, flanges, and feed-
throughs is fairly straightforward, and with the planned pumping capacity a
clean, dry, and empty chamber capability of 5 x 10-10 torr is expected.* Also,
estimates of the gas load from the stainless steel supporting structure for the
15 MW loop can be made reasonably well at temperatures below about SOOOF, and
surface areas in excess of 100,000 ft2 are acceptable.* However, higher operating
temperatures and the need to open the system occasionally require an estimate of
the gas load from the alkali metal loops and supporting materials to assure that
the test facility and pumping capacity are reasonably well matched with respect
to avoiding excessive contamination of the refractory alloys. Table 2 shows a

summary of outgassing calculations which are discussed in detail below.

Ideally, it would be desirable to know the outgassing rate of several
materials, particularly stainless steel at temperatures up to about 14000F,
which would permit a calculation of the partial pressures as a function of
facility operating time and temperature conditions. The required data are not
available; however, it is possible to estimate lower limits for the amount of
material that can be used for facilities construction without presenting an

excessive gas load.

The outgassing of stainless steel at elevated temperatures is an important
case to consider because it is used for cooling loops in significant quantities
at 1200o to 14000F. See Figures 2 and 3 for typical stainless steel outgassing.
At these temperatures, interstitial elements can diffuse from the bulk material to
the surface and provide a significant gas load. Carbon is usually the major
interstitial element constituent in stainless steel, and it will be assumed that
the average carbon concentration is 300 ppm. With a pumping speed of 3.3 x 106
liters per second for carbon containing gases, it can be shown that about 2,500
pounds of stainless steel could supply sufficient carbon to exceed the 30,000-
hour-1.25 x 10-'9 torr time-pressure product limitation which was set for carbon
contamination of the refractory alloys. An examination of the preliminary facility
design indicates that about 4,500 pounds of stainless steel have been used above

600°F, mainly in the construction of cooling loops for 1200° to 1400°F service.

* -292-
See Section V
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TABLE 2 (Continued)

Ho in Cb Alloy

H=4.8 LC

H = hydrogen gas load in torr-liters at 150°F

L = weight of columbium alloy in lbs; assume 70,000 1lbs for the test facility

C = hydrogen content of the alloy in ppm by weight; assume 15 ppm for columbium
alloys

S=__H = 1.33 x 1073 LC
3600 tP tP

S = required pumping speed in liters per second

P = maximum allowable Ho pressure in torr; assume 1 x 10”9 torr

t = time, in hours, permitted to outgas the facility during startup; assume
300 hours

S =1.33 x 1073 x 70,000 x 15 = 4.65 x 109 1/s
300 x 1 x 1070

Figure 1 shows an available pumping speed for hydrogen of approximately 5 x 109 1/s

Ho in Stn. Stl.

Or = outgassing rate for stn. stl. in torr-liters per second - cm? - taken as
3 x 10710 torr - Ll/second - cm® from Figure 3 at 500°K (440°F) and after

100 hours
A = surface area of stn. stl; assume 5000 ft2 of reflective insulation, 5000 £t2
of pipe and supports and 2000 ft2 of miscellaneous material = 12,000 £t2
P = Hp pressure in torr; assume 1 x 1078 torr because the partial pressure of
Hg is relatively unimportant (discussion in text) and pumping speed at
1 x 1078 torr is optimum for system (Figure 2)
S =3 x 10710 x 12,000 x 929 = 334,000 1/s

Figure 1 shows an available pumping speed of approximately 1,300,000 1/s at
1 x 10~8 torr,

Carbon in Stn. Stl.

C = .343 Lc

C = carbon gas load in torr-liters at 150°F assuming gas is evolved as carbon
monoxide

L = weight of stn. stl. in lbs at a temperature above 600°CF; assume 4500 lbs
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= carbon content of the stn. stl. in ppm by weight; assume 300 ppm
S= H = .095 x 1073 ILC

3600 tP tP
tP = time-pressure product - 30,000 hrs x 1.25 x 10792 torr

S = .095 x 10”3 x 4500 x 300 = 3.4 x 10% 1/s
30,000 x 1.25 x 1072

Figuge 4 of the test shows an available pumping speed for condensables of 3.3
x 10° 1/s

Condensables (COp - N2 - Og - A) in Stn. Stl.

S=0r A
P
O, = outgassing rate of condensables for stn. stl. in_torr-liters per second
- cm2? - taken as 3 x 10-10 torr - Ll/second - cm® from Figure 3 at 500°K
(440°F) after 100 hours
surface area - 12,000 f£t2
condensable partial pressure - 5 x 10_9 torr

o >
o

S =3 x 10-10 x 12,000 x 929 = 6.7 x 10° 1/s
5 x 10-9

Figure 4 shows an available pumping speed for condensables of 3.3 x 106 1/s.

Water Vapor Caused by Opening Chamber

Assumptions:
a. System will be opened 50 times.
b. 100 molecular layers of water will be absorbed on all surfaces.
c. Spacing between molecules will be 3 x 1078 cm.

1 x 1 = .11 x 1016
3 x 10-8 3 x 10-8

Molecules /cm2

Molecules /ft2 = .11 x 1016 x 927 = 102 x 1016

Molecules /ft2 - 100 layers = 1.02 x 1020

Liters /ft2 = 1.02 x 1020 x 22.4 = 3.8 x 10~3
6.023 x 1049

Torr liters /ft2 = 3.8 x 103 x 760 - 2.88
Torr L1 /ft2 - 50 openings = 144

S = gas load per ftZ2 x A
Pt
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A = facility surface area = 50,000 £t2
P=1x10"9 torr

t = 30,000 hours

S = 144 x 50,000 = 6.66 x 107 1/s

3600 x 30,000 x 1 x 10-9
Figure 4 shows an available pumping speed for water vapor of 7.1 x 107 1/s.

Other Reactive Gases (0o - No - CO2) Caused by Opening Chamber

Assumptions:

Same as water vapor above except that 20, ratger than 100, molecular layers
will be absorbed. Therefore, gas load per ft< = 1 x 144 = 29 torr 1/ft~.

S = gas load per ft2 x A °
Pt

A = facility surface area = 50,000 ft2

P =5 x 109 torr

t = 30,000 hours

S = 29 x 50,000 = 2.68 x 10% 1/s

3600 x 30,000 x 5 x 10~9

Figure 4 of the text shows an available pumping speed for condensables of 3.3
x 106 1/s.
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While this amount of stainless steel could be reduced substantially by sub-
stituting a refractory alloy at increased costs, the similarity between the
estimated lower limit and amount used in design identifies a need to under-

stand more clearly the outgassing of stainless steel,

Although, as illustrated by the above estimate, the system has sufficient
pumping capacity to handle the outgassing from a limited amount of stainless
steel, the restricted use of stainless steel will tend to increase costs, and

eactive gas pressure as 2 function

H

there will be difficulty in predicting the
of loop operating conditions. It should be recognized that the outgassing will
probably occur more rapidly during the early periods of operation and the
pressure limitations would be exceeded substantially for several thousand hours
if the maximum use of stainless steel is made. As another example of the in-
fluence on cost, in addition to the cooling loops, there are about 5,500 pounds

of reflective insulating foil which operate between 500° to 2200°F. Much of this
material, below about 1500°F, could be stainless steel instead of refractory
alloy if it were not for the desire to limit outgassing (and also to take ad-
vantage of the gettering effect of refractory alloy foil at intermediate tempera-
tures). The outgassing values for stainless steel used in Table 2 are based on
outgassing rates after 100 hrs. at 500°K (440°F). If the rates are projected to
higher temperatures by using appropriate factors from Figure 2 the outgassing
becomes prohibitive. As an example, the outgassing rate at 1160°F is a factor

of 1 x 106 higher than the rate at 440°F, In order to make the maximum use of
stainless steel for high temperature components and to permit a prediction of

the partial pressure of reactive gases during the first few thousand hours of
operation, it is recommended that the outgassing characteristics of stainless
steel be determined at temperatures up to about 1500°F. (See Problem Areas,

Section IX).

Excluding surface effects involving the offgassing of adsorbed gases, which
will be discussed later, it is not believed that the other materials which are
used with the test facility will present problems as severe as stainless steel
with respect to the outgassing of absorbed constitﬁents from the bulk material. -
Alumina and beryllia insulation are used in small quantities and should not
present a problem if material of high density and high purity is used properly.
It is assumed that refractory alloys, which are used in large quantities, will
not outgas from the bulk material (except hydrogen). This is an assumption

that is well substantiated for alloys such as Cb-1Zr at temperatures near 2200°F,
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pressures near 1 x 10-8 torr, and times up to 10,0001Kurs.a) At higher tempera-
tures and lower pressures, however, there are indications that outgassing can
occur. Expectations are that indirect experiments, such as corrosion tests

and creep tests conducted in high vacuums at several laboratories, will help
clarify this situation. Ultimately, it may be desirable to examine the matter
by more direct experiments but, for the present purposes, it is assumed that
the refractory alloys will, in general, act as getters rather than sources of

(1)

outgassing.

In addition to the gas load arising from the bulk of the materials, it is
necessary to consider the release of adsorbed gases from material surfaces,
particularly with respect to the requirement for occasional opening and modi-
fication of the facilities. Evaluation of the preliminary facilities design
indicates that the surface area of the loops and supporting equipment will be
approximately 50,000 ftz, excluding the cryogenically cooled portion of the
vacuum chamber, This area consists of the following: 2,000 ft2 of refractory
alloy piping and loop components, 43,000 ft2 of reflective insulation (38,000
£t2 of Cb-1Z2r, for example ) and 5,000 ftz of stainless steel and small amounts
of miscellaneous materials. By making the following assumptions it can be
shown that a surface area of 50,000 ft2 and the available pumping capacity
are consistent with the requirements for limiting the contamination of the

refractory alloy loop components:

1. The system will be opened 50 times.

2. One hundred molecular layers of water will be absorbed on all

surfaces; the spacing between water molecules being 3 x 10-8 cm.(z)
3. A total of 20 molecular layers of other reactive gases will be
(2)

absorbed on all surfaces, also with a spacing of 3 x 1078 cm.

Assumptions 2 and 3 are believed to be conservative and the amount of absorbed gas
on a previously evacuated surface could be substantially less. The above
assumptions lead to a total gas load of about 150 torr-liters of water vapor
per ft2 of surface area and 30 torr-liters of other reactive gases per ftz.
Setting the allowable time-pressure product at the lower average value of

(1) Private communication from Mr, David T. Bourgette of O.R.N.L.
(2) Engineering estimate by D. J. Goerz - No known.data available.
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30,000 hours-1 x 10'-9 torr and using the pumping speed of 7.1 x 107 liters per
second for water vapor, it can be shown that a surface area of about 50,000 ft2
can be tolerated. Similarily, the 30,000 hour-5 x 10'-9 torr, time~pressure
product requirement for other reactive gases, combined with the appropriate
pumping speed of 3.3 x 106 liters per second, indicates that a surface area

of about 60,000 ft2 will be acceptable.

The above estimates illustrate several important features of the system.
Primarily, the pumping capacity and the test facility are compatible. The
similarity between the area obtained from the preliminary design and that
which was estimated as acceptable should not be a cause for great concern
because of the conservative nature of the assumptions regarding the limits on
refractory alloy contamination and the amount of adsorbed gas, In addition,
the fact that much of the adsorbed gas would be released upon heating to
moderate temperatures, below the temperature at which refractory alloys are
effective getters, has been neglected. This has the effect of allowing the
facility to be outgassed at temperatures that will not affect the time -
pressure product that has been established. Nevertheless, the requirements
to avoid unnecessary increases in surface area and to maintain a clean system
are apparent. As was discussed earlier, it is desirable to maintain the water
vapor at a particularly low value in order to avoid the possibility of confusing
the reaction of water vapor and refractory alloys with the hydrogen outgassing
from refractory alloys. In this regard, the above estimates indicate that it
should be possible to maintain a time-pressure product for water vapor below

30,000 hours-1 x 102 torr.

It is apparent that the major source of surface area is the reflective
insulation, and any final design will require detailed investigations to
minimize costs. There are the conflicting technical requirements to use
many layers of insulation to reduce heat losses and to use as few layers as
possible to reduce the gas load, with their corresponding influence on cooling
costs and vacuum pumping costs., There is also the desire to reduce material
costs by using less insulation overall and by using proportionately smaller

amounts of refractory alloy and larger amounts of less expensive materials,
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such as stainless steel, in the cooler regions. Many layers of insulation
could be canned to reduce the apparent surface area, but manufacturing costs
would increase. It is desirable to vent the insulation to increase the

gas conductance to the vacuum chamber pumping surfaces, but without
significantly increasing the heat losses. All of these trade-offs influence
the gas load and pumping requirements and, ultimately, more detailed
investigations will be required to optimize the insulation with respect to

cost and technical requirements. (See Problem Areas, Section I1X).
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III. LOOP AND FACILITY MATERIALS

A. Alkali Metals

It is proposed to adhere to alkali metal purification and analytical
procedures which are similar to those in general use with smaller test facilities.
Examples of such specifications (01-0030-00-B, 01-0033-00-B, 01-0034-00-B,
01-0049-00-A, 01-0050~00A), which are used at General Electric for the purchase
and hot trapping of lithium, potassium, and NaK for smaller facilities, are
presented in the Appendix. It would be advisable to prepare detailed specifica-
tions and procedures for the alkali metal procurement and purification with
particular reference to this facility. The referenced specifications deal with
quantities of liquid metal up to 200 pounds. The proposed facility requires
quantities far in excess of these values. The primary loop requires 2080 1lbs.
of lithium, is contained in a refractory alloy loop rather than stainless steel,
and the lithium is not readily hot trapped for oxygen with zirconium. The
secondary loop requires 2450 pounds of potassium and is contéained in a refractory
alloy loop rather than stainless steel. The radiator loop requires 12,250 pounds
of NaK and lends itself better than lithium or potassium to cold trapping for
oxygen. The suggested approach for the 15 MW facility primary and secondary loops
would be to buy the purest liquid metal obtainable, then after flushing the loops,
hot trap and cold trap the liquid metals in the dump tanks provided. The suggested
approach for the NaK radiator loop would be the same as the primary and secondary
loop except that cold trapping would be done continuously during loop operation.
Provisions should be made to sample and analyze the respective alkali metals
during loop operation. Impurities should be similar to those mentioned in the

specifications listed above and in the Appendix.

It is anticipated that the possible leakage of alkali metals and the need to
decontaminate the vacuum chamber and loop hardware may require new procedures in
addition to shoveling, distillation, and chemical leaching, with the usual concern
to avoid the hydrogen embrittlement of refractory alloys. In particular, the
wide distribution of even small amounts of alkali metal over the cryogenically
cooled vacuum chamber walls could be troublesome because of the large surface area
involved. The current practice with smaller test facilities is to use bakeable
vacuum chambers with water cooling coils, which usually makes cleaning easy after
small potassium leaks because the potassium accumulates along the cooling coils.
However, for cryogenically pumped systems which cannot be baked, it would be
desirable to convert the alkali metal to more easily handled compounds by controlled
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gaseous reactions. For example, conversion of the alkali metal to its carbonate
by the controlled addition of water vapor and carbon dioxide should be considered.
It is recommended that the kinetics of such reactions be examined experimentally
in order to develop additional decontamination procedures specifically for the 15
MW facility. 1In Séction V under Safety Systems, a procedure is outlined for

decontamination of the chamber and the components.

B. Refractory Alloys

The candidate materials for construction of the high temperature loops

consist primarily of the stronger, weldable, columbium and tantalum alloys which

contain an internal getter in the form of a zirconium or hafnium alloying addition.

The FS-85, D-43, T-111, and T-222 alloys are representative examples, and the
preliminary design study was conducted largely with FS-85 as the typical material.
Material specifications for FS-85 are included in the Appendix. Densities and
temperature capabilities of the various alloys are listed in Table 3. The long
time strength properties which were used tentatively for preliminary design
considerations are presented in Figure 5. These estimated properties have been
derived from tests conducted for about 1,000 hours or less at various commercial
and government laboratories.

Fabrication of the materials to construct the 15 MW facility will require
a scale-up program to produce the basic mill products and to join large sectiomns.
The scale-up activities were discussed with two refractory alloy producers to
determine the requirements for development programs, equipment limitations,
anticipated material costs, and the effect on the overall program schedule. A
listing of the refractory alloy materials required for construction and insula-
tion of the preliminary facility design is shown in Table 4. In general, the
scale-up requirements from experimental quantities to the quantities and sizes
shown in Table 4 are not overpowering with respect to the total 15 MW facility
program. It is anticipated that the largest ingot diameter required would be

22 inches to make the 36-inch diameter x 9-inch long headers by forging. (Table 4).

Accompanying the scale-up work, vacuum annealing equipment should be
installed. The largest furnace dimensions would be about 5-foot x 6-foot x
16-foot. Requirements for the 24 and 30-foot long, 24-inch diameter rolled and
welded dump tanks (Table 4) should be reduced in design to avoid the requirement

for a very large furnace for the post-weld heat treatment.
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TABLE 3

ESTIMATED TEMPERATURE CAPABILITY

CORRESPONDING TO A MINIMUM*

RUPTURE STRESS OF 5,000 PSI IN 10,000 HOURS

Tbmperaturg Estimated Alloy
Alloy Capability, F Density, lbg/in
Cb-1Zr 1700 (+) 0.31
D-43 2200 (-) 0.33
FS-85 2200 (+) 0.38
T-111 2300 (+) 0.61
T-222 2500 (+) 0.61

*
The minimum rupture stress was taken as 75% of the average

rupture stress values because the data are generally
insufficient to define minimum properties.

Nominal Compositions:

D-43: 10W-1Zr-0,1C-bal. Cb
FS-85: 28Ta-10.5W-0.9Zr-bal. Cb
T-111: 8W-2Hf-bal. Ta

T-222: 9.6W-2,4Hf-0.01C-bal, Ta
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Seamless Tubing

TABLE 4
15 MW FACILITY REFRACTORY ALLOY REQUIREMENTS

AS DESIGNED WITH THE COLUMBIUM FS-85 ALLOY

6.25 - inch OD x 0.375-inch wall x 5
6.25 - inch OD x 0.225-inch wall x 202
6.25 - inch OD x 0,125-inch wall x 289
2.5 = inch OD x 0.25 =-inch wall x 80
2,5 - inch OD x 0.10 -inch wall x 100
1.25 - inch OD x 0,060-inch wall x 70
1.0 - inch OD x 0.065-inch wall x 4940
1.0 = inch OD x 0.049-inch wall x 7500
0.375- inch OD x 0.035-inch wall x 8500
Rolled and Welded Pipe
34-inch OD x 1.0 - inch wall x 20-inch
32-inch OD x 1.5 - inch wall x 12-foot
37-inch OD x 1.0 - inch wall x 7.5-foot
24-inch OD x 0,25- inch wall x 30-foot
24-inch OD x 0.25~ inch wall x 24-foot

Elliptical Dished Heads

24-inch

OD x 0.25 - inch wall x

-foot
-foot
-foot
~foot
-foot
-foot
-foot
-foot
-foot

long
long
long,
long
long

long
long
long
long
long
long
long
long
long

(total)
(total)
(total)
(total)
(total)
(total)
(total)
(total)

2 pieces

6.25-inch height, 6 pieces

37-inch OD x 1.0 - inch wall x 11.25-inch height, 2 pieces
34~inch OD x 1.0 - inch wall x 12,0 -inch height
Plate, Sheet, and Bar
37-inch dia. cylinder x 3.0-inch height, 4 pieces
34~inch dia. cylinder x 3.0-inch height
30-inch dia. cylinder x 3.0-inch height
24-inch dia., cylinder x 3.0-inch height
18-inch dia. cylinder x 3.0-inch height
36-inch dia. cylinder x 9.0-inch height, 2 pieces
30-inch wide x 1.5 - inch thick x 4.5-foot long, 6 pieces
42-inch wide x 0.125~ inch thick x 9 -foot long, 2 pieces
12-inch wide x 1.0 - inch thick x 4.5-foot long, 6 pieces
3-inch wide x 0.25 - inch thick x 20 -foot long (total)
18-inch wide x 0.50 - inch thick x 14 -foot long, 2 pieces
12-inch wide x 0.25 -~ inch thick x 100 -foot long (total)
12-inch wide x 0.50 - inch thick x 100 -foot long (total)
2,.5-inch dia. x 18-inch long, 4 pieces
4 -inch dia. x 24-inch long, 2 pieces
6 -inch dia. x 24-inch long
9 -inch dia. x 18-inch long, 4 pieces (casting acceptable)
15 =-inch dia. x 24-inch long, 4 pieces (casting acceptable)
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TABLE ‘4 (Continued)

Forgings
6-inch x 12-inch Std. Wt. Pipe Reducer

4-inch Sch. 10 Pipe Cap, 12 pieces
0.75-inch Sch. 5 Pipe Cap, 650 pieces

Wire and Rod

40-inch dia. x . 5,000-feet long {total) (Cb-1Zr alloy acceptable)
i J 2 H

0.0
0.063-inch dia. x 20,000-feet long (total)
0.125-inch dia. x 40,000-feet long (total)

Foil and Sheet (Cb-1Zr Alloy Acceptable)

6-inch wide x 0.005-inch thick x 10,000-feet long (total)
24-inch wide x 0.025-inch thick x 2,000-feet long (total)
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C. Stainless Steel-Bimetallic Loops

A Nak-filled, Type 316 L SS loop will remove heat from the 15 MW facility.
This results in a bimetallic loop and bimetallic joints which result in material
mass transfer. Interstitial elements will transfer from Type 316 L SS to the
refractory alloy, resulting in contamination levels easily in excess of 1,000
ppm. The refractory alloy ductility will be decreased, and the ability to
make welds for repairs and modifications may be greatly reduced. Control of
the alkali metal purity becomes particularly difficult and critical. Operation
at low temperatures, below the point where the refractory alloy can serve as
an effective getter and purify the NaK, could lead to extensive mass transfer
of the refractory alloy as a result of the presence of impurities such as
oxygen in the NaK.(l) Although no easy or certain remedy has been developed
to solve these problems, there are a number of improvements which may arise
in the materials area, and there are some loop design and operation precautions

which should be taken.

With regard to materials improvements, there is a possibility that the
use of an internally gettered stainless steel such as Type 321 may transfer
interstitial elements more slowly, and this is being investigated at General
Electric under NASA Contract NAS3-6012. Also, it is possible that the inter-
stitial element content of the stainless steel could be reduced to a very low
value by heat treatment in a vacuum or in alkali metal with a getter. The
development of bimetallic tubing of stainless steel and the refractory alloy,
along with suitable joining procedures, could also provide a solution. This
would be a rather lengthy and expensive development and, while it may eventu-
ally be desirable for flight-type systems, it has not been included as a

program specifically for the 15 MW facility.

Assuming that none of the above hypothetical and expensive material
developments are brought to completion in the relatively near future, there
are several precautions which should be taken to minimize the bimetallic
loop problems in the final design of the 15 MW facility. These include the

following:

1. Using Type 316 L SS to maintain the carbon content below 300 ppm.

(l)ORNL—3424. Corrosion Mechanisms in Refractory Metal-Alkali Metal Systems,

Aug. 30, 1963 by E. E. Hoffman and J. R, DiStafano
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2. Designing the refractory alloy bimetallic loop components
and their location in the facility so as to minimize the
difficulty and cost of their replacement.

3. Including in-line hot traps of titanium just ahead of the
refractory alloy portion of the loop.

4, Restricting low temperature operation (below about 1200°F)

where gettering is relatively slow.

With reasonable precautions, expectations are that satisfactory

performance should be obtained from the bimetallic loops.

D. Loop Insulation

The loop piping inside of the vacuum chamber must be insulated to
prevent excessive heat loss to the cryo walls of the chamber. The insulation
will consist of layers of foil, approximately .005 inch thick separated
by .040 diameter wire. The foil material will be Cb-1Zr in areas where the
temperature is above 1200°F. The lower temperature areas will be wrapped
with 316 stainless steel foil provided that the outgassing of the stainless
does not become prohibitive. The wire material will be the same as the foil.
Table 4 lists the quantity of .005 inch Cb-1Zr foil required. The foil will
be spiral wrapped in the opposite direction to the wire to allow a path

between the layers of insulation for outgassing.

The loop piping outside of the vacuum chamber will be insulated with
a high temperature ceramic fiber covered with a lower temperature mineral

fiber and then protected from damage by covering with screen on metal foil.

E. Chamber Material

The Space Power Chamber is constructed of mild steel and in its present

condition is not capable of containing a high vacuum due to its surface
condition. The chamber will be lined with a 304 L stainless steel liner that
will be vacuum tight and contain integral cooling coils through which liquid
argon will be circulated to remove heat and pump water vapor. The outer
surface of the liner is polished to reduce the emissivity to below O.1. The
inner surface is painted with Parson's optical black lacquer or similar
material to improve absorption to an emissivity 'greater than

0.9. Figure 6 shows the stainle'ss steel ‘superstructure ‘that . supports
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the new inner liner shroud and in turn attaches to the Space Power Chamber.

Helium cryopanels made of 304 stainless steel are suspended within
the envelope of the liner and are further shielded from the loops by liquid
argon cryopanel shields of 304 L stainless., All surfaces of both cryopanels

and shields are electro-polished to obtain an emissivity less than 0,1.

The liner will be an all welded construction which precludes the use
of O-ring seals. The flanges on the Space Power Chamber will be sealed with
butyl O-rings. Pyrex glass windows are used for all viewing ports. Structural
material within the chamber for support of the loop piping will be 304
stainless steel. Connections between the columbium alloy loop material and
the stainless steel structural material will be made by bolting, hook and eye,

or brazing.
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LOOP DESIGN
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IV. LOOP DESIGN

The alkali metal loop configuration presented as a result of this study
and the accompanying drawings, schematics, and tables evolved from established

guidelines of the contract and other assumptions and calculations.

A, Loop Schematic

The loop flow schematic, Figure 7, shows the major components, general
flow path and the portions of the loops inside and outside of the chamber.
With the requirement of a maximum electrical output of 2 MW, a thermal input
of 15 MW was established. Since two 8 MW acyclic generators were available,
the thermal input is shown as such on the schematic. A 15 MW thermal input
for 2 MW electric output was arrived at in a series of previous studies of
Rankine cycle space power plants using lithium as the primary fluid and potas-
sium as a secondary or vaporizing fluid. Overall thermal efficiencies of such

1)

power plants based on 2 and 3 loop systems range from 15 to 17 percent,

The maximum temperature of the primary loop was set by the guidelines
of the study contract and the upper limit of the containment material with
regard to stress, time and temperature. A A T of 100°F was chosen as a
minimum value across the IZR heater. Lower A T's would cause space power
plant reactors to become large or préssure'drops and resulting pumping power
to become excessive for the established reactor output power. Higher 12R

heater A T's are possible with resulting reductions in primary fluid flows.

A secondary loop maximum temperature (turbine inlet temperature) of
2050°F was selected to have a minimum of 50°F A T betwéen primary and second-
ary temperatures to insure 100% quality in a co-current (parallel) flow boiler
design. A co-current flow boiler design was chosen because of the higher
outlet vapor temperatures that are possible with this design.(2) The turbine
exit temperature was chosen as 1420°F. The 1420°F represents 75% of the
turbine inlet temperature (expressed in °R) and was evolved from previous

Rankine cycle studies of turbine exit temperature versus minimum radiator

3)

size for space power systems.

(I)Powerplant Heat Cycles for Space Vehicles by D.B. Mackay, North American )

Aviation, Inc. IAS Paper No. 59-104.

2

( )Boiler Design Parameters Leading to Lowest Weights in a Space Power System.
Part 1, April 7, 1964, By J. Longo, Jr., Space Power & Propulsion Section,
General Electric Co., Internal Memorandum.

(S)Thermodynamics of Space Power Plants by G. C. Wesling and H. Brown. Flight

Propulsion Laboratory, General Electric Co., R59AGT16.
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_The secondary loop condensate twgperntyre is sub-cooled 75°F to allow for
reasonable pressure drops in the condenser and condensate lines to the pump.
The maximum NaK cooling temperature of 13950F was chosen to give reasonable
average condensing AT's and to allow for the use of stainless steel in the
radiator loop. A minimum AT of 150°F for the NaK cooling loop was chosen
to prevent excessive NaK flows and resulting pressure drop and to keep
condenser sizing reasonable. Higher NaK AT's are possible in the facility
proposed but may not be consistent with optimum heat rejection for space
systems and may affect the mass transport phenomena in a bimetallic system.
The temperatures, pressures, and flows shown on Figure 7 represent the
maximum design conditions. The primary loop temperature and flow ranges
are unlimited below the design values. The secondary loop temperature
range is unlimited below the design value but the flow range is limited
by the pressure drop associated with the higher specific volume of the
vapor at lower temperatures. The radiator loop temperature and flow ranges

are again unlimited below the design values.

Figure 7 shows a minimum number of valves, and of the valves that are
included, an attempt was made to place them in the cooler locations in the
loops. General Electric's experience with liquid metal valves has been
that they fail quite often and valve life is inversely proportional to
operating temperature. The schematic shows two condensers since a single
condenser would be rather large in size and weight and present difficulties
in mounting in the space chamber. An auxiliary condensate heater is shown
in the secondary loop. This heater will permit variations in the boiler
inlet temperature independent of condensing temperatures and reduce thermal
stresses and thermal shocking in the boiler. The condensate heater does not
boil potassium., The primary and secondary loop dump tanks are shown within
the vacuum chamber, These dump tanks could be located outside of the vacuum
chamber and be constructed of stainless steel at a reduction in cost, heat
load and outgassing within the chamber. The dump tanks are located within
the chamber, however, to eliminate bimetallic systems in the primary and

secondary loops and to allow for emergency dumping of the loops at temperature.

B. 15 MW Study Design Data

After the loop schematic was constructed and the corresponding loop
temperature selected, a data sheet was developed to show flows, pressure

drops, etc. The tabulated data are shown in Table 5.
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TABLE 5
15 MW STUDY DESIGN DATA

Primary Loop - Lithium - FS-85 Cb Alloy

Heater Out Temp., °F ) 2200
Heater In Temp., °F 2100
Li Flow, 1lb/sec Ref. 1 - 154.4
Li Flow, gpm 2600
Pipe 0.D,, inches ’ 6.25
Pipe Thickness, inch » «225
Heater and Pipe Vel., f.p.s. 31.8
Heater Length, ft. Refs. 2, 3 92.8
O P/ft, psi .13
Vel, Hd., psi 2.9
Pump Inlet Press,,psia 20
Pump Outlet Press, psia 70
Stress, 1% Creep -~ 30,000 hrs @ 2200°F-(Factor of Safety = 2) S 950Y
Heat Loss, BTU/hr ft of Pipe (20 Layers) 750
Outer Skin Temp., °F : 600
Dump Tank Dia., inches (0.D.) 24
Dump Tank Thickness, inch .25
Loop Lithium Volume, ftS3 70
Dump Tank Volume, ft3 10% H & 15 F.B. (H = Head & F.B. = Freeboard) 87.5
Dump Tank Line Size, OD" x W" 2.5x.1
Length of 6.25 OD x .225 W Pipe, ft 202
Length of 2.5 OD x .1 W Pipe, ft 35
Length of 1.25 OD x .1 W Pipe, ft 40
Lithium Inventory, lbs @ 27 1b/ft3 2080
Secondary Loop - Potassium - FS-85 Cb Alloy
Boiler Out Temp., °OF Pgat 179 psia Ref. 4 2050
Turbine Out Temp., °F Pgat 16.4 psia 1420
Boiler In Temp., °F P .t 10.9 psia 1345
K Flow 1lb/sec Ref. 4 17,7
K Flow, gpm ' 190.5
Boiler Out Pipe. O0.D.,inches 6.25
Boiler Out Pipe Thickness, inch : .375
Boiler Out Vapor Vel., f.p.s. M= .14 Ref, 4 284
O P/ft, psi .18
Vel. Hd., psi 3.17
Stress, 1% Creep - 30,000 hrs @ 2050°F - (Factor of Safety = 2) 1450 ¥
Ht Loss, BTU/hr ft of Pipe (17 Layers) 750
Outer Skin Temp., °F 600
Length of 6.25 OD x .375 W Pipe ft 5
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TABLE 3

15 MW STUDY DESIGN DATA (Continued)

Condenser Out Pipe 0,D., inches 2.5
Condenser Out Pipe Thickness, inch .1
Condenser Out Vel., f.p.s. 14
Condenser Out & P/ft .12
Condenser Out Vel. Hd ,845
Stress - 1% Creep - 30,000 hrs @ 1500°F - (Factor of Safety = 2) 5000 ¥
Ht Loss - BTU/hr ft of Pipe (6 Layers) 315
Outer Skin Temp., °F 600
Length of 2.50 OD x .1 W Pipe, ft 34
Preheater Pipe 0.D., inches 2.5
Preheater Pipe Thickness, inch .30
Preheater Vel., f.p.s. 21
Preheater O P/ft .27
Preheater Vel. Hd 1.8
Preheater A T, OF 850
Preheater Power MW 3
Preheater Length, ft Ref, 2 14
Heat Loss - BTU/hr ft of Pipe (17 Layers) 315
Outer Skin Temp., ©F 600
Length of 2.5 OD x .25 W Pipe ft 80
Turbine Exit Pipe 0.D., inches (4 Req'd) 6.25
Turbine Exit Pipe Thickness, inch .125
Turbine Exit Pipe Vel., f.p.s. 550
Turbine Exit A P/ft .05
Turbine Exit Pipe Mach No. .33
Turbine Exit Pipe Vel. Hd., psi 1.1
Ht Loss - BTU/hr ft of Pipe (6 Layers) 750
Outer Skin Temp., °F 600
Length of 6.25 OD x .125 W Pipe, ft 32
Pump Inlet Press, psia (minimum) 10.9
Pump Outlet Press, psia 250
Dump Tank Dia. O.D., inches 24
Dump Tank Thickness, inch .25
Loop Potassium Volume, £t3 57
Dump Tank Volume, ft3 10% H & 15% F.B. 71
Dump Tank Line Size - OD" x W" 2.5x.1
Length of Dump Line, ft (2.5 x.1W) 31
Length of 1.25 OD x .1 W Pipe, ft 30
Potassium Inventory, lbs @ 39 1b/ft3 2450
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TABLE 5
15 MW STUDY DESIGN DATA (Continued)

Radiator Loop - NaK (78/22) - Stainless Steel

Condenser Out Temp., °F 1395
Condenser In Temp., °F 1245
NaK Flow, 1lb/sec Ref. 5 452
NaK Flow, gpm 4825
Pump Inlet Press, psia 25
Pump Outlet Press, psia 75
Pipe 0,D,, inches Cb (2 Req'd) 6.25
Pipe Thickness, inch .125
Pipe Vel., f.p.s. 27.5
Pipe A P/ft, psi .18
Pipe Vel. Head, psi 3.43
Stress, 1% Creep - 30,000 hrs. @ 1500°F - (Factor of Safety = 2) 5000%
Ht Loss, BTU/hr ft of Pipe (5 Layers) 750
Outer Skin Temp., °F 600
Length of 6.25 OD x .125 W Pipe, ft 257
Pipe 0.D., inches Stainless Steel (2 Req'd) 8.625
Pipe Thickness, inch Ref. 6 .322
Pipe Vel., f.p.s. 15
Pipe oA P/ft, psi .04
Pipe Vel. Head, psi 1.02
Stress Code @ 1500°F Ref. 6 1500 ¥
Ht Loss, BTU/hr ft of Pipe (5 Layers) 1040
Outer Skin Temp., °F 600
Length of 8" Pipe (In Vac. Tank) ft 129
Dump Tank Dia. (0.D.) inch 48
Dump Tank Thickness, inch Ref, 7 .
Loop NaK Volume, fté 357
Dump Tank Volume, ft3 10% H & 10% F.B. 430
NaK Inventory 1bs @ 44 1b/ft3 17,250

(1) Properties of Inorganic Working Fluids & Coolants for Space Applications
Part II Liquid Metals WADC TR 59-598

(2) Deem, H. W., and Matolich, J. Jr., "The Thermal Conductivity and Electrical
Resistivity of Liquid Potassium and the Alloy Niobium-1 Zirconium,' Report
BATT-4673-T6, Battelle Memorial Institute, 1963

(3) Kapelner, S. M., "Electrical Resistivity of Lithium and 46NaK," Report
PWAC349, United Aircraft Cerp,, 1961

(1) Thermodynamic Propertiés of Potassium Calculated from Experimental Data in
the Temperature Range of 1200 to 2700°F. General Electric Co. R63FPD375 by
T. A. Phillips and M. E. McCarthy ‘ '

(5) Liquid Metals Handbook, Sodium NaK Supplement, Atomic Energy Commission and
Dept. of the Navy, Washington, D. C. (1955) C. B. Jackson, Editor.

(6) Code for Pressure Piping, ASA B31.1-1955

(7) Unfired Pressure Vessel Code, Section VIII
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The reasons for the selection of columbium alloy (FS85) as the material
for the piping loops and components are explained in Section III of this
report. The respective loop liquid metal flows were the result of the re-
quired power output and the selected temperatures shown in Figure 7. The
selectiéh:of the pipe sizes to accommodate the loop flows was somewhat arbi-

trary; however, the following conditions were considered:

1. A maximum size was selected that was within the capability of
industry to produce by extrusion from existing ingots with the
proper area reduction.

2. A minimum number of sizes was selected to minimize tooling
costs,

3. The outside diameter of the piping was fixed and the wall
thickness permitted to vary with operating pressure., The out-
side diameter was chosen because field welding will be necessary
and such welding will require a field erected welding chamber
that will clamp and seal on the OD of the pipe. The smaller
number of pipe outside diameters will simplify the welding
chamber design.

4, Fluid velocities were maintained that were consistent with
reasonable pressure drops.

5. Sizes were selected where possible to permit maximum flexi-

bility for leop expansion,

The pump inlet pressure in the primary and radiator loops was set at a
value well above the vapor pressure of the liquid metal ut the pump inlet
temperature, The pump outlet pressure in the primary and radiator loops was
chosen by estimating the pressure losses required to pump the fluids through
the piping and components, The pressure losses can be substantiated after
completion of the loop layout and conceptual component design. The pump in-
let pressure in the secondary loop was taken as potassium vapor pressure at
1345°F. The actual pressure at the pump inlet will have to be above this
value to prevent vapor lock. The discharge pressure was set at 250 psia
which is equal to the‘vapor pressure of potassium at 20500F plus an allowance

for line, valve, and boiler pressure drop.
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Loop pipe thicknesses were established based on maximum loop pressures,
temperatures, and stress values for the alloy chosen. Figure 5 shows
estimated average 1% creep stress versus a time temperature parameter for
FS-85, With 30,000 hrs. as the operating time at temperature, loop operating
temperatures from the schematic, and pump outlet pressures, the pipe wall
thicknesses were determined. A design stress for the piping was taken as
the 1% creep value at time and temperature with a factor of safety of 2.

The pipe thickness of the columbium alloy was determined by setting the
tangential hoop stress equal to the design stress. The determination of the
pipe thickness for the columbium loop based on the Roop stress and a factor

of safety of 2 based on 1% creep is only a first approximation of the final
pipe thickness. A much more detailed analysis of the loop piping must be
undertaken to establish the operating stresses and the safe design stress.
There is no reason to believe that the safe design stress cannot be taken

as the 1% creep at time and temperature. The operating stresses would be

a combination of all the stresses imposed on the piping, that is, stresses
caused by pressure, pipe weight, temperature differences, and discontinuities.
The determination of all the loop stresses is best handled by a computer
after a final layout is established. Past experience at General Electric

has indicated that pipe thicknesses based on hoop stresses equal to one-half
the design stress are good approximations. The pipe thickness of the
stainless steel pipe outside of the vacuum chamber was determined in accordance

with applicable power piping practices.

The primary and auxiliary heater piping lengths were calculated based on
input power to the heaters, pipe and fluid resistivity, and acyclic gener-
ator current ratings. As mentioned above, the input power to the primary
heater was taken as 16 MW rather than 15 MW because of the availability of
the higher power with existing generators. The input power to the auxiliary
heater was taken as 20% of 15 MW, This is sufficient power to heat the design

condensate flow from 1345 to 2050°F.

Piping heat loss per foot of pipe was determined by using loop temperatures

radiating to liquid argon cryopanels with radiation shielding of layers of
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columbium - 1% zirconium foil. The number of layers of foil was determined
by setting the outer foil temperature at 600°F, This temperature was chosen
to facilitate the outgassing of water vapor from the surfaces of the insu-

lation. Preliminary heat transfer calculations of all the piping and con-

ponents within the chamber, based on pipe lengths from the layout, show total
heat losses to be approximately 3% of the primary heater power. A general
heat balance of the loop piping and vacuum chamber appears in Section V,

Paragraph D,

C. Component Design

1., Boiler

A conceptual design of the boiler is shown in Figure 8 and the
conditions governing the design of this boiler are given in
Specification No. S-1. (See Appendix.) The boiler design is,
for purpose of this study, a maximum envelope, facility type,
workhorse boiler. Average heat fluxes are 50,000 BTU/hr, ft.2
With the above heat flux, the temperature differences between
primary and secondary fluids can be reduced considerably below
the design conditions. The boiler is designed to operate as a
horizontal boiler because of the length available in the vacuum
chamber and the closer approximation to a zero gravity condition.
2. Simulator
A conceptual design of the turbine simulator is shown in Figure 9.
It will be designed to simulate a typical 2 MW electric turbine;

conditions governing its design are given in Specification No. S-2.

(See Appendix.) Turbine exit quality may be varied by varying
the NaK cooling flow to the simulator but the power removal
capabilities of the simulator, other than for design conditions,
will depend largely on the operating ranges of the other system
components. The flow area of the simulator is not variable.
3. Condenser

A conceptual design of the condenser is shown in Figure 10, Con-
ditions governing its design are given in Specification No., S-3.
(See Appendi x.) The condenser design is, for the purposes of

this study, a maximum envelope facility type, workhorse condenser.
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Average heat fluxes are 25,000 BTU/hr. ft.z. The length of the
condensers may be reduced in the final design due to pressure drop
considerations. Two condensers are proposed and shown on the
layout due to size and subsequent handling problems in the

vacuum chamber. The condensers are designed to operate as
horizontal condensers because of the length évailable in the
vacuum chamber and the closer approximation to a zero gravity
ondition, |

Pumps

The proposed pumps both inside and outside of the loops are flat

(o]

linear electromagnetic polyphase induction pumps. The pumps in-
side of the vacuum chamber will have canmned stators and, if pos-
sible, all cooling will be accomplished with an inert gas. The
inert gas would prevent contamination of the loop piping in the
event of a leak into the chamber. Specification No., S-5
(Append ix) lists the flows, heads, and other conditions govern-
ing the design of the liquid metal pumps within the chamber.

The cooling required for the pumps appears in the general heat
balance in Section V, Subsection D.

Valves

All liquid metal valves within the vacuum chamber will be remotely
operated with argon gas. The flow, size and operating pressures
of each valve within the chamber are listed in Specification No. S-4.
(See Appen dix.) Valves outside of the chamber will be stain-
less steel, with operators where required.

Flowmeters

All flowmeters, both inside and outside of the vacuum chamber, are
of the electromagnetic type. The principle of operation of the
flowmeter is to induce a magnetic field normal to the flowing
fluid and measure the resulting induced voltage caused by the
flowing fluid cutting the magnetic field. The conditions govern-
in the design of the flowmeters and the flow range of interest

for the flowmeters within the chamber are given in Specification

No. S-6. (See Appendix.)
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D. Liquid Metal Loops Layout (Inside Vacuum Chamber)

The layout of the liquid metal loops inside of the vacuum chamber is
shown in Figure 11. The layout takes the loop schematic (Figure 7), the
design data listed in Table 5, and the major components and develops them
into a working system within the vacuum chamber. The boiler, condenser and
simulator were sized from the conceptual drawings and such items as pumps
and flowmeters were sized from overall dimensions established by respective
vendors., The chamber envelope, into which the loops were designed, was
established by assuming an imaginary working volume inside of the cryopanel

shields of the chamber.

The net available workspace established in the Conversion of the Space
Power Chamber [?ee Section V, Subparagraph (B) (4)(e), of this report] is
82 ft., long and has diameters of 16 ft. at one end and 20 ft. at the other.
The layout of the liquid metal loops, except for penetrations, was accomplished
in a length of 65 ft. and has diameters of 15 ft, at the condenser end and 19
ft. at the primary heater end. The difference between the 82 ft. length of
chamber and 65 ft. length of loop is available for growth provided the

chamber is not vacuum limited due to loop outgassing area.
The loop layout is based on the following design conditions:

1. The primary and secondary heater terminals are fixed with respect
to the chamber.

2. The boiler and inlet and outlet connections of the radiator loop
are fixed with respect to the chamber.

3. The turbine simulator and condensers are free to move horizontally
away from the boiler during heat up.

4, Pumps, flowmeters, and pipe loops will be suspended from the top
of the chamber and be free to swing.

5. The dump tanks will be fixed with respect to the chamber and
supported from the base of the chamber.

6. Component cooling lines, sub-system penetrations, actuation lines,

and loop instrumentation will be flexible,
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The design conditions of fixing the heater terminals and inlet and
outlet connections of the radiator loop, from the standpoint of thelayout,
are a desirable set of conditions because the loop expansion and resulting
forces are independent of the equipment outside of the chamber. Unfortunately,
neither the new inner vacuum chamber nor the modified outer vacuum chamber
is capable of absorbing high localized forces and moments. The seemingly

simple task of supporting the dump tanks from the base of the chamber becomes

localized loads. Section V, Sub-paragraph (B), (4) (c) describes a method of
supporting the weight of the loop piping through longitudinal rails suspended
from new box ring girders on the outside of the chamber, Figure 6 shows

the location of the rails and girders. The conditions of expansion, reactiomns,
and relative moments of the chambers and piping are a possible problem area

that will require further study. (See Section IX,)

The NaK cooling flow pipes, to and from the condensers and simulator,
double back toward the boiler before leaving the vacuum chamber, The doubling
back of the NaK piping not only serves to bring the fluid to the heat rejeétion
facility located within the wind tunnel loop but could eliminate the thermal

expansion problem in the tunnel length direction. With all loops operating

at design temperature and the boiler or primary heater fixed, the pipe reactions

caused by differential thermal expansion could be reduced by the proper
location of the bimetallic joints and by taking advantage of the higher

expansion rate of stainless steel over columbium.

An attempt has been made to design considerable flexibility into the
piping to accommodate vertical movement. Due to the large weight of pumps
and flowmeters (Table 6 shows a loop component weight estimate), it would be
advantageous to support these components with swinging rods rather than
spring or constant support hangers. A swinging rod approach to hanging
components in a temperature changing system is feasible if there is sufficient

flexibility in the accompanying piping.

All pipe lengths shown in Table 5 have been scaled from the layout as
it appears in Figure 11. The pipe lengths were used for heat transfer calcu-

lations, pipe material costs, system weights, outgassing areas and insulation
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1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)

TABLE 6
Loop Component Weight Estimate

ComEonent

Primary Heater Electrodes
Primary Heater

Boiler

Primary Piping & Valves
Surge Tank (Pri.)

E.M. Pump (Pri.)

Flow Meter (Pri,)

Dump Tank (Pri.)
Insulation & Line Heaters
Secondary Heater Electrodes
Secondary Heater
Secondary Piping & Valves
Turbine Simulator

Head Tank (Sec.)

E.M. Pump (Sec.)

Flow Meter (Sec.)

Dump Tank (Sec.)
Insulation & Line Heaters
Condenser (2)

Radiator Loop Piping Inside Chamber
Insulation & Line Heaters
Liquid Metal

Hangers & Support Structure

Total Loop Wt, in Tank
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Weight (1bs)

2,000
2,000
10,000
6,000
2,000
5,000
3,000
7,000
1,500
500
1,000
4,000
4,000
1,500
4,000
2,000
5,000
1,000
10,000
5,000
3,500
9,000
29,000

120,000




and installation costs.

E. Radiator Loop Layout (Outside Vacuum Chamber)

The layout of the radiator loop outside of the vacuum chamber is shown
in Figure 12. The layout takes the loop schematic (Figure 7), the design data
listed in Table 5, the major components, and the available area within the
wind tunncl loop and develops them into a working system. The design of
the radiator enclosure, blowér and motor is included in the Conversion of

the Space Power Chamber (See Section V of this report.)

The radiator cons;sts of an upper and lower cylindrical header connected

by a series of 1 1/8" OD finned tubes. Cooling air enters through the center
of 2 banks of tubes, splits, and flows over each bank of tubes. The NaK
flows inside the 1 1/8" OD tube. The cooling air flow is split to balance
aerodynamic loading on the radiator. The upper drum of the radiator is
assumed to be fixed and all expansion of the piping will be absorbed in
expansion loops between the radiator and the vacuum chamber. This design
simplifies the design of the air flow through the radiator; however, if pipe
reactions become large, the radiator tube bundle may have to float. A more

detailed pipe analysis will be required before the final design.

NaK flow from the radiator passes through a single pump before being
separated into cooling flows for the simulator and two condensers. The
separate flows are controlled and measured before entering the vacuum chamber.
A portion of the NaK flow is by-passed around the pump and passed through a
cold trap and plugging indicator before being returned to the main stream.

The dump tank is located over the pit in the existing pump house floor,

F. Auxiliary Loop Connections (Outside Vacuum Chamber)

The layout of the auxiliary loop connections outside of the vacuum
chamber are shown in Figure 13. The auxiliary systems are located west of and
adjacent to the vacuum chamber, inside of the existing wind tunnel loop.
Grouped into the auxiliary systems are the following:

1. The primary loop cold trapping components. These components

consist of an EM pump, flowmeter, and cold trap.

2. The primary loop vapor separators and liquid nitrogen cold trap

filters for both the dump tank and surge tank.

S
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The secondary loop vapor separator and liquid nitrogen cold
trap filter for the dump tank and a cold trap filter for the
loop vacuum line.

The radiator loop vapor separators and liquid nitrogen cold
trap filters for both the dump tank and surge tank.

All loop fill and sample lines.

Vacuum pumping equipment and argon purge headers for evacuating

and purging the various loops.

The auxiliary systems are necessarily grouped in one area to facilitate

the piping of services to the systems. Such services as liquid nitrogen,

high purity argon, cooling air and vacuum headers can be readily piped to the

area chosen,

G. Loop Welding and Leak Checking

The liquid metal loop design cannot be considered complete without a

discussion and understanding of the methods of welding and leak checking the

liquid metal portion of the facility.

1‘

Loop Welding

In the detail design of the loops, field welding of the components
and pipes will play an important part. A program must be under-
taken to develop material joining techniques both in the shop

and in the field. These points are covered under Status of
Refractory Alloys, Paragraph 6, in Problem Areas, Section IX,

The timing for the development of joining techniques of FS-85

is shown in the Development Program Schedule, Figure 45.

The major portion of the welding should be done at the place of
fabrication either in an inert chamber or by the electron beam
process. Field welding should be kept to a minimum and preferably
in straight sections of pipe. A clamp-on type welding chamber
will have to be designed to cover the field weld and provide the
clean environment required for welding. The cover gas, both
inside of the clamp-on chamber and inside of the pipe to be welded
will have to be of a purity similar to that required for welding

Columbium 1% Zirconium listed in Specification 03-0005-00-A
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in the Appendix. The type of weld groove and the inspection of

the finished weld will be similar to that shown in General Electric

Company Specifications 03-0005-00-A and 03-0015-00-A in the .Appendix.

Leak Checking of the loop Piping

After the loop components and piping have been welded into the
chamber, inspected, and heat treated (if required) the complete
Piping system should be leak tested. Leak testing should include
any pressure tests to determine system integrity but the final test
should be a Mass Spectrometer Leak Test similar to Specification
03-0013-00-B in the Appendix. If Mass Spectrometer Leak Testing
is conducted on the components and pPiping sub-assemblies in the
fabricating shop, the leak checking in the Space Power Chamber can
be minimized to the testing of the field welds only. Each welded
Jjoint should be bagged and filled with helium on one side of the
Joint and the leak detection connected to the other side of the

Jjoint,
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V. CONVERSION OF SPACE POWER CHAMBER
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A. Proposed Conversion General Description

The principal effort in the study was devoted to the definition
of means to provide the necessary high-vacuum environment for the test
loops. Optimization studies could not be made within the study scope
for various systems and arrangements of auxiliaries, existing equip-

ment, or building utilization.

The Space Power Test Facility consists of a vacuum chamber in
which refractory alloy components and loops can be tested in a suitable
environment with a minimum of atmospheric contamination. The Altitude
Wind Tunnel, presently the Space Power Chamber (SPC), is utilized as a
vacuum chamber. (See Figure 14.) Available space is in the form of two
cylinders joined by the frustrum of a cone, Overall inside length is
99 ft., the inside diameter of the large end is 31 ft. and the inside
diameter of the small end is 27 ft.

To attain the required vacuum of 5 x 1079 torr, an inner
chamber is required that has an ultra-high vacuum pumping system
and that will contain the test loops. This inner chamber parallels
the form of the outer chamber. It has a length of 82 ft. and end di-
ameters of 26 and 22 ft. Constructed of stainless steel plate coil,
it is suspended within the outer chamber. Longitudinal rails in the
inner chamber support the electrical resistance heaters, test loops,
and components. A series of stiffening rings and new pier foundations
have been designed to support the weight of the inner chamber, pumping

equipment, and test loops.

Vacuum equipment consists of the existing roughing train and
the existing diffusion pumps taking suction on the outer chamber.
High-vacuum pumping for the irner chamber consists of 20 getter-ion
pumps supported by the outer chamber and penetrating through the
inner chamber wall.* The inner and outer chambers are roughed with

the existing pumping system.

*Figure 1 shows the ability of the pumps to attain the 1 x 1079 torr
pressure with a gas load of 5 x 10° li/sec. as established in Table 2.

"ol BLANK NO
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Liquid argon at 959K (rZQO?F)aisncirculatedtthrough;the_inner chamber wall as
well as through shielding panels which cover approximately 1300 sq ft of
20°K (r423QE).dense—gas;helium cryo-pumping surface.: ‘Refrigeration equipment consist
of 1200 kw of liquid nitrogen sub-cooler capacity and 3 kw of gaseous helium

at 20°K. (44230F). The, argon is sub-cooled by boiling-off 1liquid nitrogen.

Power for t?e)primary heater loop is provided at 60 vdc by two 8 MW
1
acyclic generators driven at 3600 rpm through a speed increasing gear train
by the existing 450 rpm, 19,750-hp motor formerly used to drive the wind

tunnel fan,

Power for the potassium loop boiler-~-preheater is provided at 26 volts
by two 1.5 MW acyclic generators driven in tandem by a 4,250—hp motor.
Primary and preheater electric power is conducted through copper bus bars

through four penetrations for each heater in the outer and inner chambers,

Heat rejected from the NaK loop is removed in an air-cooled radiator.
A 500-hp motor operates the fan. In the event of fire or leakage of liquid
metals, the blower-discharge will be directed to a scrubber before being

discharged to the stack.

S TS G S ) B - OB ‘Uh aE e

To provide adequate weather protection for equipment and personnel and
space for auxiliary systems and services, the tunnel is enclosed in a new
high-bay building. The receipt, handling, preparation, installation and
removal of test components is facilitated by an adequate laydown area with
overhead crane service. A mezzanine floor is constructed at the level of a
new door in the north end of the east tunnel leg. The high~bay building
houses liquid nitrogen, argon, and helium systems and vacuum pumping systems,
Other auxiliaries for the chamber and for the test loop are arranged below
and on either side of the tunnel. The shelter around the existing diffusion

and rough pumping systems is removed.

A decontamination room is provided for the cleaning of components after
service in the test loop. The NaK radiator dump tank and scrubber are located

along the west side of the tunnel leg. The former pump house foundation is

(1)Bu11etin GED-4471 Large Motor & Generator Dept., General Electric Co.,
Schenectady, N. Y.

-62-




retained and the pit used as a sump for contaminated discharge from the scrubber

or from the steam ejection system used for chamber cleaning.

A central control room is provided in the former exhauster building for
facility and test loop monitoring and control. Local startup is planned for
equipment. The Facility and its system are described in greater detail in

the following sections.

B Civil Structural Design

d

. Existing Facilities

The Altitude Wind Tunnel (See Figureld) at the Lewis Research
Center is shown on the plot plan in Figure 15. It is an outdoor
structure surrounded on three sides by buildings housing associ-
ated equipment; the Icing Tunnel is on the fourth. A pump house
for circulating cooling water occupies part of the inside of the
tunnel loop. The east leg of the tunnel has previously been con-
verted into a vacuum chamber by the addition of bulkheads at the
east ends of the north and south legs, an access dome on top, and
a vacuum pump house and pumping equipment below. Capable of
vacuums up to 1 x 10-9 torr, the chamber has been used for environ-

mental testing of the Centaur Stage.

The north, east, and south legs of the tunnel, the adjacent

Exhauster Building,Pump House, and the east end of the Office
and Shop Building were indicated at the site inspection visit
of October 30, 1964 as being available for the proposed con-

version.

Access is available to .the east leg of the tunnel from the
north by Ames Road and Durand Road from the south. Yard space
is available at the south end of the leg. The large outdoor
substation to the south occupies about four times the space
required by a modern substation of equal capacity and could
be replaced if the need justified the considerable cost. It
can supply about 20,000 KW more than the wind-tunnel drive

motor requires.
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There are adequate steam and water supply systems and storm-
water and sanitary drainage. Underground cable and pipe
tunnels permit ready access for repairs and modifications to

main services.

Extensive exhauster, refrigeration, and cooling water circu-
lation capacity is available from wind tunnel mechanical

systems now surplus to requirements, Utilization of some of

this equipment is discussed in Mechanical Systems .of this section.

The 20,000-hp wind tunnel fan motor and its supporting control
and auxiliary equipment are available for conversion to a prime
mover to generate dc power for loop heating as described later

in tkis #ibsection and in Electrical, Subsection E.

Supporting facilities and services available from NASA-Lewis
include administrative and engineering office space, receiving
and storage warehouses, plant engineering and maintenance
facilities, workshops, emergency equipment, parking lots and

cafeteria.

Site Layout

The original requirements for operation as a wind tunnel
resulted in a layout of equipment and service buildings
clustered around the tunnel as closely as possible. The

only allowance for access to the outside of the tunnel was
for maintenance purposes and there was no need for protection
from the weather. As can be seen from later paragraphs, lay-
out requirements of a facility for full scale testing of
Advanced Rankine Systems are numerous and complex. The
majority of these can be met by the conversion layout shown
in Figure 15,

a) Site Layout Requirements

Requirements include the following:
(1) Access to the chamber should permit convenient

transfer of loop components and piping from an

[
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b)

(2)

(3).

1)

5)

()

)

(8)

{9)

(10)

assembly and preparation area., This area should

be about 5000 sq ft and be accessible by truck.

A component decontamination area of about 1000

sq ft should be readily accessible from the

chamber acess door and yet separable from the
assembly area.

Héat rejection equipment must be located outside
the chamber, as close as possible to the NaK loop,
and yet separated from all other equipment and
operations.

Vacuum system, cryogenic pumping, and chamber
cooling equipment must be either mounted in, on,

or as close to the chamber as possible,

Power supply equipment for the loop heaters must

be located as close as possible to the loop con-
nection points in order to reduce the length of
costly bus bars to a minimum,

The control room should be close to the chamber

aﬁd all facility equipment,

Decontamination of the chamber under vacuum requires
a five-stage steam ejector connected to it and dis-
charging to a sump.

A water wash scrubber is required to decontaminate
exhaust from all areas where liquid metal may be
exposed to oxidation.

Storage of 560,000 gallons of liquid nitrogen, a
4-day supply, as close to the chamber cooling
equipment as possible.

Truck transfer points for receiving liquid nitrogen

must adjoin the storage tanks,

Alternate Layouts

The only feasible locations for access doors to the chamber
that will permit convenient installation and removal of loop

component assemblies are the north and south ends of the east
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c)

leg of the tunnel. Use of the existing dome access door
in the top of the tunnel would require both vertical and
horizontal transfer of components, a much higher crane
1ift and building height, and would prevent any possi-

bility of removing completed test loops.

Since access door locations are possible at either end
of the chamber, and adequate space for assembly and
preparation areas is available at each, two layouts are

feasible,

.Operationally, there will be very little difference be-

tween access at the north or south ends of the chamber,
An access door into the north end of the chamber would
have a clear diameter of 22 ft, which is more than
adequate; a door into the south end, 26 ft. A south
access would require the additional cost of building a

power supply at the north end and relocating the existing

 substation and replacing it with modern equipment. With

north end access, part of the existing Office and Shop
Building has to be demolished but this has a replace-
ment value of less than $50,000 compared to more than
$200,000 for the higher cost of electrical systems with

the south access.

Description of Selected Layout

The layout selected uses an access to the chamber from the
north with a high-bay building housing the assembly and
preparation area next to this end. Approximately 20 £t of
the Office and Shop Building has to be demolished to provide
sufficient space for the construction of the Space Power

Building.

The Decontamination Building is located in the éngle of

the Office and Shop Building immediately west of the Space
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Power Building so that components withdrawn from the
chamber can be readily transferred by dolly through

automatic fire doors from the Space Power Building.

The Heat Rejection Facility is located within the wind
tunnel loop in a lean-to building immediately west of
the Space Power Building. This location has poor access
but is suitable for housing the NaK piping,air blast

heat exchanger, and NaK auxiliaries.

The chamber vacuum pumping equipment and associated
cryogenic systems can all be located alongside and
below the chamber, or, in the case of ion pumps,
mounted on the chamber. These systems require pro-
tection from the weather and, since they cannot be
given normal aisle space for installation and main-

tenance, require overhead crane service.

The existing wind-tunnel fan motor is planned for
convérsion to drive the acyclic generators required

to provide the loop heater power supply. The motor is
presently located on the centerline of the tunnel about
30 ft above ground level, at the south end of the Ex-
hauster Building. At this height, there is not enough
space between the motor and the tunnel to install the
gear drive and generators and so it is planned to lower
the motor to ground level where the same control system
and switchgear can be used and where there is sufficient
space for the generators. The centerline of heater con-
nections is about 12 ft north of the motor-generator
centerline which reduces bus lengths practically to a

minimum,

The control room is located within the existing Exhauster
Building on the first floor. Sufficient space is available

here for present and future control and instrumentation
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d)

requirements together with locations for the addition of future
office space and for housing of mechanical and electrical utility
equipment. Sleeping quarters for test personnel could be located
in the exhauster building either on the mezzanine above the wind
tunnel drive motor switch gear or on the first floor in part of
the area shown as potential office in Figure 16. Some additional
toilet facilities may be needed which could be located adjacent
to the existing toilets on the first floor level or immediately

above them on the mezzanine.

The steam ejector is located at the south end of the Heat
Rejection Facility convenient to the chamber and uses the

wall of the building for structural support.

The scrubber is placed in the center of the tunnel loop where
it can be fed conveniently from the Decontamination Building
and Heat Rejection Facility and discharge into the existing

pit under the north leg of the tunnel,

Storage tanks for liquid nitrogen, liquid argon, and gaseous

'helium are shown in the yard space to the south of the Altitude

Wind Tunnel where they can be filled from tank trucks backing
up to racks on the south wall of the Space Power Building and

where supply lines are relatively short to points of use.

Future Expansion

No significant allowance appears to exist for future expansion
either in power rating or test loop accommodation at this facility.
It would appear that the physical and economic limit has been
reached with the 15-MW test loop presently proposed and that

additional facility requirements will have to be met elsewhere.

Buildings

The existing layout and the requirements of the proposed facility

determined which of the buildings can be used without modification,

which required conversion and which have to be demolished to make way

for new construction. The size and types of construction of
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the buildings proposed for the project are shown in Figures 16
through 19. A detailed description of each building is in later
paragraphs. The types of construction proposed for new buildings
are selected on the basis of fire resistive rating, cost, and
compatibility with existing materials. Durability and need for

maintenance is equivalent to existing construction.

Construction access is very restricted especially inside the
wind tunnel loop and it is expected that space will be needed
for material storage and crane erection outside the building

areas during construction.

a) Demolition of Existing Buildings and Removal of Equipment

The east end of the existing Office and Shop Building inter-
feres with construction of the high-bay assembly area in the
new Space Power Building and approximately 20 ft, or an area
of 1700 sq ft, will have to be demolished. A new wall can
be built either before or immediately following demolition
to minimize interference with activity in the remainder of

the building.

The Pump House within the wind tunnel loop is inadequate

for housing the proposed heat rejection equipment and the
roof level is too high for mounting a radiator. Its loca-
tion, however, is the only suitable place to install the
heat rejection equipment so this building must be demolished.
The floor and pit can be reused but all existing pumping and

control equipment should be removed and stored.

The heat exchanger located beneath the north leg of the
wind tunnel will interface with duct work connecting the
scrubber to the Decontamination Building. This heat ex-
changer and its piping and valves should be placed in

storage. The pit under the exchanger will be used as a

reservoir for the scrubber.
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b)

All outdoor exhaust lines and support frames within the
area to be occupied by the Space Power Building must be
removed. Reinstalling systems required for existing
operations is not included within the scope of this study

or cost estimate.

The Centaur test program is expected to be out of the
tunnel prior to start of the demolition work. It is
assumed that all equipment will be removed from the
chamber, that the dome cover will be left unsealed,
and that the skid-mounted nitrogen tanks used for the

program will be removed.

The existing Vacuum Equipment Building under the east
leg of the tunnel will no longer be required for weather
protection after completion of the new Space Power
Building and since it interferes with equipment access,

it is proposed that the building be demolished.

The present location of the tunnel drive motor (its
centerline is about 30 ft above the ground) is unsuit-
able for conversion to a generator drive so it is pro-
posed to support it on cribbing, demolish the support
piers, build a new foundation, and lower it to the

ground level for reinstallation.

Utilization and Conversion of Existing Buildings

(1) Converting the Exhauster Building to a Control Room

The Exhauster Building has been stripped of mechanical
equipment and pits in the floor filled to provide a
flush surface., The south end of this building con-
tains the wind-tunnel drive motor and associated con-
trol auxiliaries and switchgear. Minimum toilet faci-
lities for men and women are located at the south end

on the first floor, The structure is in sound condition;
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(2)

it has brick walls, wood roof trusses, a wood roof

deck, and a wood mezzanine floor at the south end.

It is proposed to convert part of this building into
a control room. A raised computer-type floor is pro-
posed to allow easy rerouting of cables as test and
data acquisition needs change. A suspended acoustic
ceiling will contain lights and air-conditioning dif-
fusers. A separate air system supplied underfloor
and exhausted overhead will cool electronic equip-
ment racks. Steel stud and plaster board walls will
complete.the enclosure. Existing window openings
require filling to 4-hour fire resistive standards
and two class "A" fire doors are indicated to provide

separation from areas where liquid metals are handled.

An area at the north end of the building is shown
partitioned off to form an equipment room for mecha-

nical and electrical utility equipment,

Utilization of Office and Shop Building

The high-bay area of the Office and Shop Building is
proposed for use as a Receiving and Storage Area in

support of the project. The 10-ton crane hés a hook
height of approximately 50 ft over a floor area of

about 40 ft by 50 ft,

The two-story office area at the east end of this
building has a total area of approximately 4500 sq
ft after allowing for the area that has to be
demolished. This includes toilet facilities for

about 40 men and 20 women.

New Construction

Q)

Space Power Building

This building is to provide weather protection for

the Space Power Chamber, Assembly Area; Clean Room,
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and associated equipment. It also provides sup-
port for the 10-ton overhead bridge crane, light-

ing, ventilation, and space heating equipment.

Foundations for this building will probably re-
quire underpinning of some existing footings in
the adjacent Exhauster Building and Office and
Shop Building and some existing underground

utility lines will have to be rerouted.

Trenches with removable covers are shown for new
pipelines and cable runs between mechanical and

electrical equipment and the chamber.

The floor slab is depressed for an area of 1,800
sq ft in front of the chamber access door and a
special ''grate' floor built over it. Liquid
metals may be inadvertently spilled in this area.
This flooring will prevent spread of spilled liquids
and will suppress their burning by limiting the
oxygen needed for combustion. A mezzanine floor
with a concrete deck provides working space at an
elevation of 17 £t 6 in., above the first floor
which is just below the lower edge of the chamber
access door. This floor is 33 ft. wide and

about 80 ft long and has a designed live load of
150 psf. Main support beams and columns are de-
signed to allow erection of support frames for
test loop rail extensions if removal of test loops
from the chamber becomes practical. Two steel
stairways provide access to the first floor and a
fire door connects the mezzanine to the second

floor office area.
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Walls adjacent to other facilities are used as fire

separation walls to contain fires and their fumes.

Other walls are insulated to lower the cost of heat-

ing the building. Buildings constructed along Ames
Road are designed to match the appearance of adja-

cent buildings.

Steel rollup doors provide access for equipment at
each end of the building and automatic sliding fire
doors protect openings to the Decontamination and

Control Room,

The roof, supported by steel purlins, tapered steel
beams, and steel columns, consists of builtup com-
position roofing on rigid insulation and steel
decking. Crane-rail support girders have three
long span sections to bridge the north and south

tunnel legs and the wind tunnel drive motor house.

The height of the building is limited to 65 ft to
conform to present FAA regulations governing ob-
structions to aircraft in the vicinity of the air-
port., As can be seen from Figures 18 and 19, the
bridge crane is unable to pass the dome on top of
the chamber or to 1lift any large object out of
the chamber through the opening under the dome.
This limitation prevents crane service to equip-
ment handled through the south door and mainten-
ance of equipment located south of the dome, It
is recommended that permission be sought for an
increase in height of this building to at least
75 ft to enable the dome to be removed and more
than 75 ft if long objects are likely to be
handled through the dome opening.
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One 10-ton overhead electric bridge-crane with pendant control
for standard industrial service is required for handling loop
components outside the chamber and for installation and

maintenance of facility equipment in the Space Power Building.

Steam unit heaters supported from column brackets will provide
70°F + 5° air in the winter with 10 minute air changes induced
by power roof ventilators. No cooling or humidity control is

proposed. The safety exhaust system is described in Subsection V(C).

General lighting is provided by mercury vapor lights mounted under
the roof to maintain a level of 25 ft-c on the floor. Fluorescent
lighting under the mezzanine provides 50 ft~c for assembly of

components. Local lighting for special equipment can be provided.

Sprinklers are not installed in this building since water increases
the burning rate of liquid metals. Portable fire fighting equipment
and breathing apparatus are expected to be provided as part of the

operating equipment inventory.

The assembly area is located at the north end of the Space Power

Building at the first floor and mezzanine levels.

The first floor area is about 60 ft. by 75 ft. long, the east
half of which has bridge crane service and direct access through
the main door for receiving and dispatching equipment. This area
is intended for preparation and sub-~assembly of major components

such as boilers and turbine simulators.

The west half of the first floor area has headroom limited by

the mezzanine to about 15 ft. clear., This area is intended for
preparation and sub-assembly of small components for piping, wiring
and instrumentation systems. A portion of this area,20 ft. by 30 ft,
at the north end,would be a suitable location for the clean room.
Fresh air intake and exhaust discharge ducts could be located in the
north wall without interference with the overhead bridge crane and
the air conditioning units could be mounted on the mezzanine

immediately above the clean room.
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(2)

The mezzanine portion of the assembly area is located at approximately
the same elevation as the floor of the inner test chamber and is
intended for final assembly of test articles prior to insertion in
the chamber. The bridge crane handles components from the first

floor to the mezzanine. The test articles may then be built up while
suspended from trolleys running on extensions of :the overhead support-
ing rails in the chamber. Sections of the test article can then be

transferred into the chamber or withdrawn on conclusion of the test,

The Clean Room would be lined with plaster on steel lath and studs
on walls and ceiling. An air lock with slight positive pressure
inside the room would bprevent contamination due to door opening.
The floor would have a vinyl tile surface with all corners coved.
Lighting of up to 100 f.c. intensity at bench height would be
through sealed translucent ceiling panels. Air conditioning would
maintain temperature at 72° + 1°F with humidity at 40% + 5%,
Filters would remove airborne particulate matter to whatever

s tandards of cleanliness are required for up to 20 changes per
hour and up to 100% make-up air depending on the nature and hazard

of any materials likely to be released in the room atmosphere,

Decontamination Facility

The function of this building is to house component-decontamination
operations. After disassembly from test loops, components and
Piping retain a film of liquid metal on inside surfaces and may
contain substantial amounts trapped in cavities that cannot be
drained at operating attitudes. Prior to reuse, liquid metal
contamination must be removed by reaction or melting, cleaning,
washing, and drying. The sequence is explained in Safety Systems,

Subsection V(C).
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The building, about 27 ft by 40 ft, is located in the
angle of the existing Office and Shop Building on the

west side of the Space Power Building. The site is

unoccupied except for a small substation which has to
be relocated. Openings in the existing walls have to
pe filled to maintain a 4-hour fire separation and
the doorway in the new brick wall to the Space Power
Building requires automatic fire doors. The south
wall and roof will be asbestos cement sheeting on a
steel frame. The roof must be high enough to sup-
port a 10-ton overhead bridge crane that can lower

a 14-ft object into an enclosed decontamination
booth. The floor is covered with a steel grating

and perforated plate.

Two booths are shown. (See Figs. 16, 17 & 18.) One is for
decontaminating major components. It is completely enclosed
and is equipped for heating, purging, washing, and drying
by remote control. The other is an open-front booth
designed for a high face-velocity exhaust system to
decontaminate pipe and small components having sur-

face films of alkali metal. Both boots are exhausted
directly to the scrubber, and the room is ventilated

at a rate of up to two air changes a minute. Each

booth has connections for steam, water, compressed

air, gaseous argon and carbon dioxide, and electri-

city. A pit under the work stand in the component

booth contains sand in a removable bucket for ab-

sorption of metals melted out of components.

Building services include mercury vapor lights to
provide 25 ft-c at floor level., Radiant heaters

and steam coils in supply ventilating ducts main-
tain comfortable conditions despite high rates of

airflow in the ventilating systems.
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Heat Rejection Facility

This building contains the NaK radiator, dump tank,
piping and loop auxiliaries which, together with the'
air blower and motor, form the Heat Réjection System,
It also houses the induced-draft fan for the scrubber
and the five-stage steam ejector for chamber of de-
contamination., Normally, the building will not be

occupied continuously,

The building is located inside the wind tunnel loop
on the site of the Pump House that has to be de-
molished. Approximately 40 ft square by 50 ft high
at the eaves, it is a steel frame building with
cement asbestos roof and wall sheeting. The first
floor slab extends the existing Pump House floor
and pit which is retained as a catch pit for NakK

spillage.

A concrete mezzanine supports the NaK radiator and
piping loops and provides overhead protection to
personnel servicing auxiliary systems on the first

floor.

Two steel stairways serve the mezzanine and a lift-
ing well provides equipment access with a 5-ton

monorail hoist suspended from the roof structure.

The 500-hp blower and drive motor for the NaK

radiator are mounted on a foundation pad at ground
level. This blower provides: 329,000 pounds per hour

of air to the radiator.. The 160-hp fan for the
scrubber is located on the mezzanine.  The NaK dump

tank is located over the existing .pit which now requires
a steel grating cover. The stack is self-supporting as

an extension of the radiator enclosure. The
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steam ejector is supported by the south wall columns

and wall framing.

Ventilation is normally provided by power roof vents
but, in the event of NaK leakage, smoke detectors ini-
tiate closure of roof vents and smoke is exhausted
through the scrubber. No space heater is provided
although power outlets will permit the use of port-
able electric heaters for maintenance workers during

winter shutdowns.

Mercury vapor lights at roof level provide general
illumination with incandescent lighting below the

mezzanine.

Space Power Chamber

(a) Condition as Modified for the Centaur Program

As modified for the Centaur test program, the east leg
of the former Altitude Wind Tunnel is capable of main-
taining a vacuum of 5 x 10~ torr and has supported
internal loads of about 13,000 1b from the Centaur
vehicle. The addition of the dome access door amounted
to about 160,000 1b extra dead load to be supported by

the chamber, ring supports, piers and foundations,

An access door, 15-ft clear internal diameter, was pro-=
vided in the bulkhead installed in the north leg of the
tunnel. The inside surface of the chamber has been
painted with Rustoleum and the outside with aluminum
paint. Ten diffusion pumps have been mounted in pairs
along the bottom surface of the chamber., The chamber
appears to be in good condition and a review of the
calculations and drawings indicates a suitable design

was made for the Centaur modifications.
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(b) Space Power Chamber Requirements for Testing
Advanced Rankine Systems

A vacuum of 5 x 10-9 torr is required to minimize contamination

of loop components. The estimated total weight of loop components:
and liquid metals in operating condition is 60 tons. Table 6 shows
the estimated loop weights. The loop components will be dis-
tributed through an overall length of about 60 ft. and

can be contained within a cone of 15-ft diameter at the

north end and 19-ft diameter at the south end. It is

preferable to suspend the test loops to allow for thermal

movement. Access is required at one end of the chamber

for installation and removal of loop components.

A cooling system is required to dispose of an estimated
800 kw cf energy radiated from the test loops to the
enclosing surface. (See General Heat Balance, Table 8,

Subsection V(D).

View ports are provided for visual observation of the

following four points of interest:

Lithium heater connections
Potassium boiler

Turbine simulator

Boiler pre-~heater connections

e 000

(c) Selection of Design Method for Chamber Modification

Vacuum and Cooiing Requirements. The high vacuum re-

quirement of 5 x 10_9 torr is not economically attain-
able in a mild steel chamber due to excessive outgassing.
With the restricted surface area available for mounting
pumps and cryopanels and the need for providing as much
pumping capacity as possible, it is of vital importance

to reduce outgassing from the chamber walls to a minimum.

It is, therefore, proposed to use a double-walled chamber
with the inner wall serving as the cooling shroud as well

as the non-structural membrane separating the inner high
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vacuum chamber from the outer intermediate vacuum of
5 x 102 torr. The inner wall is formed of stainless
steel plate coil with liquid argon circulated through

the passages to absorb the heat radiation.

Load Carrying Requirements. It is assumed that the

existing chamber forming the outer wall is structru-
ally capable of withstanding the vacuum loading and

of carrying the existing dead loads. Additional
loading of 60 tons from the test loops and supports,
plus about 50 tons from the shroud and internal cryo-
panels and shields, and 25 tons from Ion Pumps is con-
sidered too great for the existing chamber structure
to carry without strengthening, especially since the
Centaur modification added some 80 tons without any
alterations to piers and foundations. Any safety

margin that may have existed is now probably gone.

New supports could be provided independent of the
existing chamber by isolating pier penetrations with
bellows to permit relative thermal and stress move-
ments. It is preferable, however, for both test loop
and shroud loads to be carried in suspension from
above rather than to impose considerable restraint

on these elements from bending in columns supporting
them from below or by adding the complication of

sliding or rolling supports.

The method selected is to add two new box ring girders
to the outside of the existing chamber with new piers
and foundations to support them on the ground. Loads
from the test loop and shroud are suspended from the
new box rings and the two existing corner box rings,

Slide bearings between new box rings and piers permit
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thermal and stress movements in the chamber relative
to the ground., The new rings, one of which carries
nearly all the load of the dome, relieve a large part
of the existing load currently carried by the corner
rings so it does not appear necessary to strengthen
them, Figure 20 shows a load. diagram of the chamber.

A complete "stress .analysis:cof the chamber modifications
under combined vacuum. and equipment loading should

be made prior to preparation of working drawings.

(d) Chamber Modifications

Modifications to the existing chamber, shown in perspec-

tive in Figure 6, are as follows:

New Box Ring Girders and Supports. Two box-section

ring girders are welded to the outside of the chamber
centered on existing stiffeners. One is a complete
circular ring; the other is located at the dome and
is in the form of a U with a horizontal beam closing
the top legs and crossing the dome opening. Both
rings are supported on concrete cantilever piers by
brackets aligned tangentially to the rings. Sliding
plate bearings, similar to existing Altitude Chamber
bearings, permit horizontal movement in any direction
relative to the piers. The piers are supported by a

new: combined footing in the shape of a rectangle.

The rings carry point loads from the test article sup-
port rails and from suspenders carrying the shroud and
are designed to assume their tributary share of the

existing chamber weight.

Doorway at North End of Chamber., A new circular door-

way is required at the north end on the centerline of
the chamber for test component access., The largest

size that can be installed without cutting into the
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existing corner support ring girder is 22-ft clear dia-
meter. A short cylindrical transition section must be
joined to the tunnel to provide the frame support neces-
sary for the new door. The stiffeners and plate in the
area of the transition have to be strengthened consider-
ably to compensate for the portions of both cylinders

that are missing at the transition,

The door itself is designed to be removed by the over-
head bridge crane rather than to open on hinges. This
will enable it to be taken away from the vicinity of
the chamber access opening and stored where it will

not interfere with operations. It is designed as a
concave inward tension membrane for minimum weight

and cost and to project less into the work area when
closed. A circular port, 7 ft. in diameter, is located
in the center of the main door for personnel access

after the main door has been closed.

The inside surface of the existing mild-steel chamber

requires sand blasting to remove the Rustoleum paint

finish and a treatment with glass beads to achieve a
reflective surface preserved by a silicone finish equi-

valent to Dow-Corning DC 705. Surface emissivity should

be 0.2 or less with the above treatment and was assumed

as such in the calculation of chamber heat loads. See Table 8

of Subsection V(D).

Installation and maintenance access is needed to the space
between inner and outer chamber walls. The majority

of this space will be about 2 ft, 6 in. wide with
reductions at stiffening rings and beams to a minimum

of 1 ft. 10 in. Brackets will be located to
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Eppley Laboratory, Newport, R. I.

3-M Co., St. Paul, Minn.

support portable scaffolding and ladders. The existing
door in the north leg of the tunnel can be used for

access to this space.

(e) Shroud Design

The shroud or inner chamber, shown in Figure 6, is an
optically dense and vacuum~tight membrane separating

the high vacuum and intermediateée vacuum zones. It is
designed to 'withstand'a 10 inch water column

pressure differential; flap-type safety valves operate
automatically in the event of pressure buildup in either
direction., The other main function of the shroud is to
act as a cooled wall to absorb heat radiated from test
loops., The shroud is not required to simulate a "space"
environment., Eighty-two ft long, it varies from 22 ft

to 26 ft diameter inside.

The shroud panels, fabricated from stainless steel
type 304 L as a single embossed plate coil, present

a clean inside surface and permit circulation of
liquid argon through embossed channels on the outside.

The outer surfaces require electro-polishing to reduce

emissivity below 0.1. The inner surface is blackened

to improve absorption to an emissivity greater than 0.9.

Typical paints for emissivitie%lgreafﬁr than 0.9 wgu%g)be
Parson's Optical Black Lacquer: - or Black Velvet .

‘The shroud panels are prefabricated in quadrants of a
length suitable for manufacture and shipping. They will

be installed inside the chamber to a frame consisting of
cirecular ribs ‘at approximately 10 ft. on center with main
longitudinal beams at mid height and secondary longitudinal

stiffeners. top. and bottom. ' The-secondary longitudinals

also serve as supply and return headers for liquid argon.
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The main longitudinal beams are supported by hangers
from proposed chamber stiffening girders and from
bridle beams which transfer the load to the center of

the existing corner stiffening girders.,

Each end closure is a flat surface made of stainless

steel plate coil similar to the cylindrical walls. The
north end closure is removable to the full 22-ft dia-
meter. A 7-ft port in the center for personnel access

matches the port in the outer chamber door.

Helium cryopanels are formed of double-embossed stainless
steel plate coil and are supported from the shroud

stiffener rings by insulated brackets (Fig. 6 ). The brackets
are continued through the cryopanels to support shields

which protect the cryopanels from loop radiation. The
cryopanels shields are formed of stainless steel single-
embossed plate coil. All surfaces of both cryopanels

and shields are electro-polished to obtain an emissi-

vity less than O.l.

The spacing of cryopanels and shields is designed for
efficient operation with minimum encroachment on test-
article workspace, The net available workspace is 82 ft
long and has diameters of 16 ft minimum and 20 ft maximum.

The operating temperature will be from 85 (—3050F)-to 115OK
-11
(-252°F). The outgassing rate will be less than 10 ~~ torr

liters/sec/CM> at 100°K (-280°F) Figure 2, which is two
orders of magnatude less than the rate for stainless steel
at room temperature and therefore can be neglected. All
permanent penetrations in the shroud are welded. Openable
joints are flanged and bolted.

(f) Other Modifications

Penetrations through both chamber and shroud are required

for ion pumps, power feedthroughs, liquid metal pipes,
control and instrumentation lines, and viewports. A

schedule of penetrations is shown in Table 7.
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TYPE OF PENETRATION

Table 7
SPACE POWER CHAMBER

SERVICE

LIQUID METAL:

NaK Loop

Dump Tank Vap. Sep.
Sec. Sample & Fill
Pri. Sample & Fill
Primary Cold Trap
Primary Dump Tank
Vapor Sep.

Pri. & Sec. Vac. Connect.

ELECTRICAL

Pri. Heater Conn.

Sec. Heater Conn.

Line Heaters &
Lighting Circuits

Primary Pump Power

Secondary Pump Power

INSTRUMENTATION

Loop Thermocouple Wires

Facility Thermocouple
Wires

Liquid Level Gage Lead

Vacuum Gage Connections

PENETRATION SCHEDULE
SIZE &
LOCATION
Quter Inner
TYPE FIG. NO, Chamber Chamber

Vacuum & Foil
Insulated Pipe

Vacuum & Foil
Insulated Pipe

Vacuum & Foil
Insulated Pipe

Vacuum & Foil
Insulated Pipe

Vacuum & Foil
Insulated Pipe

Vacuum & Foil
Insulated Pipe

Vacuum & Foil
Insulated Pipe

Copper Bar
150,000 amps

Copper Bar
57,000 amps

20 amp Calrod
or Serpentine Htrs.

523 kw, 440 v,
3 phase

104 kw, 440 v,
3 phase

30 MIL

30 MIL"

3

L3

23

23

23

2

2

6

All Liquid Metal
has Schedule 40 Pipe

& Bellows:

8|| Bll

2!' Z!l

lll 1!'

lll lll

2" 2!!

le ZII

ZI' le

15" OD 15" OD
Bellows Bellows
9” OD 9” OD
Beliows Bellows
- - - -
1/8"op 1/8"oOD
Tube Tube
le le

Tube Tube
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Individual No. per
Conductors Group or
or Tubes

6 1

1 1

2 1

2 1

2 1

1 1

2 1

4 1

4 1
300 30
3 3

3 3
1250 37
150 25
10 5
10 1

No. of
Penet

Connectors Groups

10/3

34/3

6/3

10




TYPE OF PENETRATION

SERVICE

ACCESS AND VIEWPORTS

Equipment Access Door,
existing

Equipment Access
Door, existing

Equipment Access
Door, new

Personnel Access
Door, new
Viewports, Existing

Viewports, new

VACUUM PUMPS

Diffusion Pumps

Ion Pumps

GAS AND LIQUID SER VICES

Argon primary pump
cooling

Argon secondary pump
cooling

Argon-valve
actuation gas

Argon Cover Gas
Liquid Argon

Dense Gas Helium
Chamber Ventilation
Chamber Reaction Gas

Chamber Decontamination
and Exhaust Gas

Helium for welding

TYPE

Dome Top,
east leg

West Side,
east leg

North End,
east leg

North End,
east leg

West Side,
east leg

East Side,
east leg

CVC-PMC
50, 000 Lit/Sec

Ultek
50, 000 Lit/Sec

SS Pipe

SS Pipe
Bulkhead tube
connector

SS Pipe

SS Pipe

SS Pipe

MS Pipe

SS Pipe

MS Pipe

Bulkhead tube
connector

Table 7 (Cont*d)

SPACE POWER CHAMBER
PENETRATION SCHEDULE

(CONTD,)
SIZE &
LOCATION
Outer Inner
FIG. NO, Chamber Chamber
20 22' 1D -
- 15' ID -
20 22' 1D 22' ID
20 7' ID 7' 1D
-- 18" --
22 12" ID 4
-- 36" D --
Flange
21 36" D 36" D
Flange Bellows
- 4'' ID 4" 1D
6 2" ID 2'"" 1D
6 1/2"OD 1/2'" OD
tube tube
6 2'* ID 2" ID
-- 4" 1D 4" ID
6 2" ID 2" 1D
-- 24" 1D 24" 1D
-- 6" ID 6" ID
- 40" D 40" D
Flange Bellows
6 1/2"0OD 1/2" OD
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Individual No. per
Conductors Group or
or tubes

1 1
1 1
1 1
1 1
6 1
4 1
10 1
20 1
2 1
2 1
12 6
4 1
16 4-6
6 2
1 1
1 1
1 1
3 1

No. of
Penet

Connector Groups

10

20




Vacuum-tight connections are required in the outer chamber wall
since it is subject to most of the 14.7 psia pressure differential.
Since the wall operates at ambient temperature conditions, organic
gasket materials can be used. The shroud wall operates at 85°K
(-305°F) to 115°K (-252°F) which precludes use of O-ring seals.
Wherever possible welded joints are used with bolted flange

connections for removable parts.

Allowance must be made for relative movement between the ground,
the outer chamber, the shroud, and test loops due to temperature
changes and stress variations. A detailed study is required to

identify the maximum relative movements that can develop between

these four elements under varying operating and shutdown conditions.

Gas. Figure 21 shows a group of 6 gas penetrations in a single
flange bolted to the outer wall. An O-ring gasket, bulkhead-type
connectors, and flare fittings are used and an expansion loop
provides for relative movement, Several good O-ring materials
are available. Butyl rubber is adequate for room temperature or
reduced temperature. The loading on the seals is critical and
should be in the range of 150-500 pounds per linear inch if ultra-
high vacuum is necessary. For this application, 50 pounds per
linear inch is adequate, Neoprene is adequate at 10_5 torr.

For high temperature (above 1000F) use Viton A. The tubes are
continuous through the inner wall and lave a sealweld to an

insulating thimble.

Ion Pumps. Details of an ion pump penetration are shown in
Figure 22, A complete description of this item is given in

Mechanical Systems, Subsection V(D).

View Ports. A typical view port penetration designed for maximum
angle of vision is shown in Figure 23. The glass window in
the outer wall is sealed with an O-ring in a flanged connection.

A lens sealed to a cone extension of the shroud provides the

optimum spacing for wide angle vision. The seal is made by joining

Corning 7052 glass to Kovar. This window is made by standard well
known techniques and could be procured without special attention.

Four such view ports are provided.
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Medium Current. Connection for 110-v and 480-v power

circuits are shown in Figure 24 grouped in a typical
penetration. Applicable to currents up to about 500
amps in each circuit, as many terminations as possible
(to a maximum of about 200) should be located at each
penetration in the space available between stiffeners.
An O-ring joint provides a hermetic seal between the
outer chamber and the bolted flange carrying plastic-
sleeve insulated connectors. Flexible cables connect
terminals at inner and outer walls. Ceramic materials
provide thermal and electrical insulation at the inner

wall., Brazed joints seal each junction.

Thermocouple and Instrumentation., Figure 25 illus-

trates the plug-in type of connectors selected for the
thermocouple and instrumentation penetrations, Con-
nectors and plugs are available for up to 37 termina-
tions each and up to 200 connectors can be located in
each plate. Use of this type of connector will avoid
the need for soldering connections in the annular space
between the inner and outer walls. O-ring seals main-
tain the vacuum at the outer wall and at the inner wall,
and a welded joint connects the mounting plate to the
shroud,

Materials and Equipment Handling and Storage

(a) Receiving and Storage of Liquid Nitrogen

Bulk deliveries of liquid nitrogen by truck are antici-

pated in 3000 gal loads., The maximum design boil~off

rate of 5400 gph, Table 8, Section V(D)) requires .a 4-day supply
of 560,000 gallons allowing some spare capacity. This amount
can be contained in two cylindrical tanks 27 £t in diameter by

65 ft high., Double-wall construction is used, the inner of

stainless steel and the outer of mild steel, with>perlite

insulation in the cavity. A vacuum is drawn on tHe cavity
to minimize boil-off. It is assumed that the gas supplier

will furnish storage tanks as required.
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(c) Receiving and Storage of Loop Components

Components that can be used immediately are received
within the Space Power Building and unloaded by the
10-ton overhead bridge crane. Items that are not
required immediately can be unloaded in the high-bay
of the existing Office and Shop Building by the

10-ton bridge crane,

(d) Handling of Loop Components during Preparation
for Installation

The 10-ton bridge crane in the Space Power Building is
designed to handle all components of the test loops
during preparation and checkout before installation.
Special workstands and dollies will be required to
support components after removal from crates,

Handling capability under the mezzanines is restricted
to movable dollies although hoists may be mounted from
main beams if required. Hoists and dollies are not in-

cluded in the estimate.

(e) Removal of Loop Components for Decontamination

After withdrawal from the chamber, the overhead bridge
crane transfers components to a dolly that moves them
into the Decontamination Building. Another 10-ton
crane in this building 1lifts them into the booth for

decontamination.

Utilities
The following maximum estimates are based on preli-
minary equipment selections and tentative operational

procedures.

(a) Water Distribution System

Process requirements include make-up water for the

scrubber system and cooling water for mechanical
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systems. Domestic needs are not expected to surpass
present usage. Estimated process demand is 300 gpm.

No fire-fighting requirements exists for water,

(b) Industrial Waste System

Discharge will vary up to a maximum of approximately
600 gpm when the scrubber reservoir, 50,000~-gal capa-
city, is emptied., Prior to discharge, the alkaline

solutions will require neutralization.

(c) Sanitary Waste System

No increase is expected over existing discharge.

(d) Storm-Water Drainage System

No increase is expected over existing discharge.
Minor changes in collection piping will be made to

suit new downspout locations.

(e) Steam and Condensate Systems

Saturated steam at 100 psig has been assumed for space
heating and steam ejector operation with demand estimated

as follows:

® Space heating, 3500 1b/hr

® Steam ejector, 4500 lb/hr for a maximum of 8 hr

Steam required for start-up of the NaK radiator (about
2000 1lb/hr) is less than required for the steam ejector.

They will not be operated simultaneously.

(£f) Compressed Air

Air is needed for remote valve operation, air tool
operation, and general cleaning. Estimated demand is

500 scfm @ 100 psig.
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(g) Electric Power

Power is needed for loop heating, vacuum and cryogenic
system operation, utility systems and lighting. Assuming
that all systems will be operated simultaneously for short
periods, the maximum demand will equal the connected load.
From an average load standpoint, a diversity factor of
approximately 75% can be used. A one-line diagram is

shown in Figure 26,

Existing switchgear installed for the wind tunnel drive
motor and vacuum pumping equipment is assumed to remain.
New transformers and switchgear are provided for all

other loads.

A detailed breakdown is given in Subsection V(E) to support

the following summary:

Existing Wind Tunnel Drive Motor 17,500 kva
Existing Vacuum Pump Equipment 500 kva
Total Existing 18,000 kva
New Load 7,000 kva
Overall Total 25,000 kva
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C. Safety Systems

The general approach to facility systems safety during testing of Advanced
Rankine Systems is to prevent the development of hazardous conditions by using
redundant equipment and ''fall-safe' design, to monitor conditions with devices
that actuate automatic safety systems where necessary, and to contain and

suppress any malfunction in order to 1limit its effects. A hazardous condition

includes loop system integrity being adversely affected by temperature and pressure.

The most critical system is the electrical power supply. A failure in
the Lewis Research Center powerline, transformers, or switch gear would cause
the Space Power Chamber vacuum to decay. If the vacuum decayed faster than the

loop temperature decayed, a portion of the allowable time-pressure product of the

refractory alloy would be used up. An emergency power system is therefore provided.

Redundancy is also found in various mechanical systems.

The safety systems in this proposal include emergency power, monitoring,

purge, ventilation, scrubber, and fire containment and suppression.

1. Emergency Power System

This system provides emergency electricity to equipment, such as
the chamber vacuum system, which must not stop while a test is in
progress. This electricity will be supplied by a 1600-kw, 2000-kva,
4160-volt, 3-phase, synchronous generator that is engine driven,

spark ignited, and uses natural gas.

This emergency system starts automatically upon failure of the 4160
main supply to the facility. The existing and proposed vacuum systems
then restart automatically and power is supplied to selected

instrumentation and controls; other systems require manual restart.

A transfer switch is provided so that the existing diffusion pump
vacuum pumping system can be transferred automatically to the new
4160-volt supply system. If there is a failure in this new 4160-volt
main supply, the emergency generator will also supply power to the
existing vacuum pumping system through the transfer switch. See
Figure 26 for a one-line diagram of the system. The primary and
secondary heaters and pumps would not be operated during the power

outrage.
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The following systems will continue to operate in the event of a

power failure.

a) Vacuum system, including existing diffusion, backing, and
roughing pumps, and the proposed getter-ion vacuum pumps.

b) Ventilation system

c). Argon system, at reduced capacity

d) Helium system, at reduced capacity

e) Selected instrumentation and controls

f) Emergency lighting

g) Auxiliary argon system for valve actuation and pump cooling

Significant effort will be required, during the final design of this

facility, to evaluate all the ramifications connected with a total

power failure. Each control component of each subsystem should be

designed to fail safe based on the remainder of the loop continuing

to operate, if at all possible, because complete shut downs are costly

and time consuming. If this design philosophy is followed for each

subsystem component, a complete power failure may not initiate the

proper or desired action. Therefore, it is felt that most of the

instrumentation and controls should receive emergency power, both

gas and electrical, to allow for a controlled action by the operators

of the facility. The present thinking, for the loop in the event of

a total power failure, is as follows:

a) Keep the vacuum and cryopumping systems in operation.

b) Allow the heaters, NaK cooler blower, and EM pumps to stop.

¢) Allow the liquid metals to freeze in their respective loops or
at least cool to a point where they could be dumped without
shocking the system.

The above system will use a minimum of auxiliary power.

Monitoring

a) Vacuum Chamber Leak Detection

Liquid metal leaks from the piping and components into the vacuum

chamber may be difficult to detect. Liquid metal gages, as described

in Subparagraph VI (B)(4)(e), in the various loops appear to offer the
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b)

most immediately available and reliable method of detecting large
leaks in the lithium, potassium, and NaK loops. It is unlikely

that vacuum gages in the chamber will detect small liquid metal leaks
due to rapid freezing on the cryopanels. No commercial equipment

is available that can detect small leaks under the proposed operating
conditions. One answer might be a system which incorporates a
remotely controlled infrared sensitive TV camera and a viewing

screen for operator observation located in the central control room.
A leak would show as a change in radiation intensity against a stable

background. See Possible Problem Areas, Subparagraphs IX (B) (9).

Building Leak Detection

Liquid metal leaks outside the chamber are detected by a (Pyr-A-Larm)
system that reacts to fire and smoke. The system has two ionization
chambers and a cold-cathode gas discharge tube. One chamber is

open and exposed to the atmosphere requiring monitoring; the other
is sealed and is used as a reference. Each contains minute sources
of alpha-emitting material which ionizes the air in the chambers
making it electrically conductive. Normally, the chambers are elec-
trically balanced. When fire or smoke occurs, the electrical
conductivity of the open chamber decreases due to the ionized
particles in the smoke. The resulting voltage across the chamber
drops, the voltage on the starter electrode of the gas discharge

tube increases, the tube fires, and an alarm is sounded.

Chamber Decontamination and Purge System

If a liquid metal leak inside the chamber is detected, this procedure

will be followed:

a)
b)
c)
d)
e)
£)
g)
h)

Cut-off loop power, dump loop, and flood loop with Argon

Cool down loop and shut down chamber high-vacuum pumping systems
Startup steam ejection system

Purge chamber with COo and water vapor

Repressurize chamber with air after liquid metal has been carbonated
Repair leak

Clean chamber with water

Dry

The purge system proposed for decontaminating the chamber

(Figure 27) entails the controlled addition of carbon

dioxide and water vapor to react with loop metals condensed on the
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internal chamber surfaces. The reaction products formed are solids

such as sodium carbonate and noncondensables such as hydrogen.
This procedure, carried out at moderate temperature and vacuum,
controls the effects of reaction between the metals and oxidants.
The reaction rate can be controlled by predetermined combinations
of chamber temperature and vacuum. It is possible that the upper
pressure of the reaction products may be high enough to allow for
gradual vaporization of the materials from the chamber surfaces
without going above the materials triple-point, thereby preventing
the formation of undesirable reactive or corrosive liquid-solid
mixtures. An experimental program is necessary to verify the

effectiveness of this method.

It is undesirable to pump these gases and metallic fumes through
the mechanical pumping system as the potential of damage to the
system exists from condensation, contamination and further re-
actions from heat and pressure. The chamber will be evacuated
during these decontamination and purging operations by a five-
stage, barometric condensing, steam-jet vacuum pump. Pump blank-
off pressure is 6 x 10"2 torr. The pump is capable of evacuating
100 pounds of air per hour at 1.5 x 1071 torr using 100 psig
steam and ﬂfﬁ?condensing water. The ejector is made of carbon
steel. The steam requirement is approximately 4500 lbs/hr and

the condensing water requirement is approximately 650 gpm.

The operating procedure would be for the steam ejector to be
turned on and attain blank-off pressure. With the chamber at
slightly above blank-off vacuum having been filled with venting
or purge gases, the valve between the chamber and ejector would
be opened. The ejector has been located in the Heat Rejection
Building to eliminate steam or water leaks inside the Space Power
Building. It is also desirable to raise the chamber panels

slowly to ambient temperature under vacuum in the final stages

of decontamination before opening the chamber.
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The low rates of vaporization or reaction of metallic fume from
the chamber under these conditions allows the steam ejector to
act safely as a final steam-fume reaction system. Fumes are
scrubbed in the two barometric condensers. There are no signi-
ficant problems in discharging the final stage ejector outlet

directly to the atmosphere.

A major rupture of any of the liquid metal loops will require
manual removal of spillage after cool-down and repressurization
of the chamber. It is not considered feasible to provide drains
from inner and outer chambers since solidification would have

occurred prior to repressurization being safely accomplished.

Building Ventilation

In addition to the normal requirements for building heating and
ventilation, special provision must be made for ventilation of
fumes from the work areas using roof ventilators and hoods.
Three stainless steel hoods are provided as shown in Figure 27,
one surrounding the upper chamber opening to capture fumes from
the chamber and two located in the decontamination room. The
20 by 10 by 20 foot decontamination room hood is completely
enclosed and equipped for argon inerting. The other decontami-
nation room hood is 5 by 25 feet with a 10-foot open clearance
for use while cleaning small parts, etc. The face velocities
of the hoods are approximately 100 fpm when operating at a com-
bined full capacity of 40,000 scfm. The duct work is designed
for velocities of less than 4000 fpm and each hood system is
equipped with a separate control damper, as individual require-

ments will vary with the work flow.

The Space Power Building is equipped with standard roof ventilators
to give approximately one room air change per minute over the
chamber opening work area. This system will be used during opera-
tions when fumes evolve from the chamber or when test articles are
being transferred from the chamber to the decontamination room,

A similar roof ventilation system is installed in the decontami-

nation room.,
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Scrubber

The scrubber is used to remove particles of liquid metal reaction
compounds from gases exhausted from building areas where leakage
and spills are likely to occur. It will also be connected to the

NaK radiator enclosure as an emergency fume scrubber with the main

blower operating at reduced power. The system is shown in Figure 27,

The design flow-rate is estimated to be 40,000 scfm based on the
assumption that ventilation requirements for the building areas
will not be at a maximum simultaneously. It does not appear
likely that high temperature gas or liquid metal fumes will reach
the scrubber before cooling and oxidation and there will therefore

be no requirement for humidification or condensation equipment.

The system contains a two-stage Aerotec 400-FB, sub-micron scrubber.
It is about 10 feet in diameter and 33 feet high. Of flcating bed
design and using 1 1/2 in. diameter polypropylene spheres, this
unit can handle very high fume loads and recirculation liquid flow
rates without fouling. The collection efficiency of 0.01 to 1
micron particles should be above 97 percent by weight. The pres-
sure drop through the unit is 10 in. of H20 at a liquid flow rate
of 200 gpm. The recirculating scrubbing liquid can be either from

the adjacent pit or directly from the scrubber base.

Containment and Suppression

Buildings are separated by fire walls and contain automatic fire
doors for fire containment and control. In areas where liquid
metals could be spilled, floor construction consists of a steel
grating covered by perforated steel plates. Any spillage will
be trapped in cells of the grating where the limited supply of
oxygen through the plate perforations will suppress any tendency

toward combustion,

All pipes carrying liquid metals are contained within ventilated
sheet metal ducts to protect personnel and permit fumes to be

exhausted without entering building air spaces. Areas where
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considerable quantities of liquid metals can be emptied from
ruptured containers, such as under the NaK dump tank, are de-
signed to contain the spillage in a pit and discharge a blanket

of inert-gas over it.

Component Decontamination

Components from the liquid metal test loops will require de-
contamination after having been drained in the chamber while in
operating position. Considerable quantities of liquid metal may
be trapped and frozen in components such as the boiler and con-
densers. The largest single item to be handled is the boiler,
It is 14 ft long by 3 ft in diameter and may weigh as much as

18,000 1b.

The procedure for decontamination is as follows:

a) Move component to the decontamination area

b) Strip insulation

c) Heat and remove liquid metal

d) Purge with C02, water vapor, and inert gas

e) Clean with water

f) Dry

The facilities provided for decontaminating components and

piping are described in Civil Structural Design, Subsection V (B).

D. Mechanical Systems

This section describes the mechanical portion of the design.

1.

Environmental Test Requirements

To meet test objectives, the chamber must provide the following:

a) A high vacuum environment during high temperature loop-
operation to limit refractory metal corrosion. An allowable
partial pressure for reactive gases as listed in Table 1 for
columbium alloys and discussed in Section II. A time pressure
product of 1 x 10—_5 torr for 300 hours maximum for hydrogen

during startup.
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2.

b) A low temperature heat sink completely surrounding the loop
which will remove heat radiated from the loop and provide
a pumping surface for water vapor. The heat to be removed
from the facility is shown in the General Heat Balance,
Table 8.

c) A clean, dry, and empty chamber pressure with a pressure of
less than 5 x 10710 torr for all gases to insure that the
loop won't be contaminated by the chamber outgassing or by

the pump backstreaming.

Chamber Vacuum System

a) General
The existing chamber vacuum system consists of a two-stage
roughing system, and a noncondensable, high-vacuum system
consisting of ten existing 35-inch diffusion pumps and
associated vacuum lines and valves. The inner chamber
ultra-high vacuum system will consist of twenty 36-inch
combination sputter and getter ion pumps for hydrogen
pumpin g and 1300 sq ft of helium cryopaneling for pump-
ing nitrogen, oxygen, and carbon compounds. The system

is shown in Figure 28.

The two-stage roughing system, connected to the chamber
through the diffusion pumps, will evacuate the chamber

to a pressure of 1 x 10-2

with a gas inleak of 5 torr
liters/sec. When this pressure is reached, the ten 50,000
liters/sec diffusion pumps are started and cooling of the
thermal shroud begins. The roughing system is used to
back up the diffusion pumps and liquid argon cooled baf-
fles located above the diffusion pumps prevent oil back-
streaming. When the thermal shrouds have been cooled to
1109K, the shielded cryopanels are cooled. With the dif-
fusion pumps operating, the thermal shrouds at 115°K (—2520F)
and the cryopanels at 20°K (-423°F), the ultimate pressure
with a clean, dry, and empty chamber will be less than

5 x 10710 torr. System performance is shown on Figure 4 .

-99~



*g 91qel SUTMOTTOJF A19318IpPAUWWT YDJOHS CGF P IIITAI "SON *

spnoays uo3ay woJJ 3esay 2 paaouey s1ouedofx)
unTT9H wG
JIOqWeYD 03 TBUIDIXD S90JINOS B HMO pue m@ WO F pnoyg
= 09 u 3 d
3edH (39°9JTPUI) HJID O00%S @ NI SUTZTJIOdEA 006 paaowsy uoSay pINbIT h@
MOTI °09S/#9%2 ® XeN 005G pasoway JI9SUapuo) nm@
MOTF °O9S/#1IL ® MeN 0S€g paaouwdy J0j3eTnuts SUTqIN, “%
MOTT °D9S/4%6 ® JITV 000¢T paaowsy Joleipey ¥eN m@
I9M0d TBOTJIIO9TH L6S pPappPy Jomoqg dung ‘W°F c
J03eTpey V]
MOTT °O0S/#2°% ® ITV 147 paaouey Sutrtoop dund ‘W'd c
J03e1Ipey V]
I9Mog TeOTI399TH Ol PapPpPY Jomog dung ‘W°H
Lxepuodag v@
MOTT °*09S/#G6° p S$8BH U03Iy G6 paAowoy Surtoop dung ‘W°H
£Lxepuooag v@
Jamog TeOoTI10914 000¢€ poppPVy J03BIdUAY) OTITOAOY
ALxepuooag m@
Iomod TeOTJII09TH €28 pPeppPY aomog dung ‘W'H z
Axewtxg V)
MOTT °*909S/#GL°E ® Sen uolday €68 paasoway Suttoopy dumg °‘W°F
Lxewtxqg NG
Jxamod TeOTI}D09TO SB Jaqueyd ojul 00091 paprpy JI0ojeaduan OTT0A0y
Axeutad HG
sqIRWeYy M poAOwaYy uotadraosaqg *ON
£313UBNY JI0 POPPY
*XeN 1eoH

HONVIVE LVAH TVINID

8 HIdVlL

-100-




008 paaAouay gsorf *3H dooT HHQ
I9Mog TBOTI309TH (14> poppy §I19389H 9UTT 0Ty
€2 pappy Iaqurey)y ooedg )
syIBeWoY N paAoway uot3draosaq KON
£313UENY J0  pappy
*Xen 1e9H
FONVIVE LVHH TVHINID
(Ps3uod) 8 HIAVL

-101-



(8 @1qeL 03 I930Y)
HOLAYNS HONVIVE LVAH TVYANTD

m@ Oﬁ@

SI918OH 9UuTT]

-102-

Ty

/ ‘usp " TAd

Jojeipey VN

1ouedofx) oH
8d
dund *W°'H
&b Lo
Iaquey) avdedg pnoays uo8ay ‘bt




a

b)

Two 36-in. flapper valves connect the inner chamber to the

outer chamber for evacuation to 10~5 torr. Below 107™° torr
the chambers are isolated. If a differential of more than

10 in. of water exists between chambers, the valves will

open automatically.

Roughing System Description

The rough pumping system is a two-stage system. Vent lines,
containing relief valves set at atmospheric pressure, are
located on the discharge of the first stage. During chamber
evacuation, the first stage is bypassed to 0.75 torr. The
roughing system is used as is currently installed. System

performance is shown in Figure 29 and 30.

(1) Stage One
The first stage is a Roots~Connersville 10 x 24 RGS
vacuum booster having a free air displacement of 2700
cfm at 1160 rpm, The booster is direct-coupled to a

1200-rpm induction motor.

(2) Second Stage
The second stage has two Stokes model 912-H mechanical
pumps in parallel. Each has a free air displacement
of 728 cfm and is driven by a V-belt with a 30-hp

motor.

(3) Roughing System Safety Considerations

Temperature sensors will be located on the discharge
from the booster. The sensors will actuate an alarm
in the event of pump overheating and will stop any

booster after three minutes if it remains overheated.

Nitrogen—-gas ballast will be supplied to each mechanical
pump. As an additional safety measure, oil mist filters

will be included on the mechanical pumps.
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c)

d)

Outer Chamber Vacuum Pumping

The outer chamber is evacuated and maintained at less than
1 x 1079 torr by the ten 35-in diffusion pumps and backing
train, Providing an intermediate vacuum in the space be-
tween the outer chamber and the shroud relieves the shroud
of any significant structural load from vacuum conditions,
reduces heat leakage from the shroud, and simplifies pene-

tration seals subject to low temperature.

(1) Diffusion Pumps

Ten nominal 35-in. Consolidated Vacuum Corporation
Model PMC-50000 diffusion pumps will be used. These
pumps are standard production items and replacement
parts are readily available. They also have a low
backstreaming rate if the crossover range is limited
to 1072 to 1073 torr. The backstreaming is less than
0.17 cc/hr.(l) These pumps are currently installed.
(2)  Pump Fluid
The diffusion pumps will be filled with Dow Corning
DC 705 fluid. This fluid provides the highest resi-
stance against oxidation and fire in the event of re-
pressurization}z)The DC 705 fluid also has a higher
decomposition temperature than other fluids and will
reduce hydrogen backstreaming from the pump and mini-

mize the gas load at chamber working vacuum.

(3) Baffle
A 35-in. liquid argon cooled chevron baffle will be
used above the pumps to prevent oil backstreaming,
The baffles are currently installed but will require

minor modification to permit use with liquid argon,

Inner Chamber Vacuum Pumping

To provide the high pumping capacity required to remove large

gas loads expected from operation of the test loop at elevated

NRC Catalogue
Vapor Pressure-Fire Point Characteristics of Diffusion Pump Fluids in Appendix
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temperatures, a combination pumping system is proposed. The

system consists of surfaces operating at approximately 110°K (—261°F)
to pump water vapor, at 20°K (-4239F) to pump oxygen, nitrogen, argon,
methane, etc., and a combination sputter and getter ion pump
(BoostiVac 20-900, or equivalent) to pump hydrogen, neon, and

helium.

Since the inner chamber is completely isolated from the outer
chamber during operation, no backstreaming from oil pumps is
expected in the inner chamber. The inner chamber consists

of a shroud operating at 110°K 6—261°F)'to.remoVe all moisture and

reduce wall outgassing to a negligible amount.

By gas specie, the inner chamber will have the following

performance characteristics: (Ref. Figure 4):

Water -110°K (~261°F) condeénsable-71 x 10°1liters/sec
0,, Ny, A, CH,, etc.-20°K (-423°) condensable- 3.3 x 108 liters/sec
H2 - noncondensable - 1.3 x 10% liters/sec

(1) Ion Pumping
It is proposed to use the Ultek Model 20-900 BoostiVac
pump, or equivalent, for pumping hydrogen. The pump
combines the advantages of clean ion pumping with
titanium sublimation. The pump is mounted external
to the chamber with the cylindrical ion pump ex-
ternal and the filament holder extended concentri-
cally into a liquid argon cooled cylinder. This
argon cooled cylinder provides a surface for
titanium sublimation., Thirty-eight titanium ele-
ments are provided on the holder for optimum subli-
mation performance. The pump is designed for con-
tinuous operation from 10~8 torr through 10"12 torr,
and is capable of pumping the chamber down from 10-°
to 108 torr. The ion pump elements draw current
directly proportional to the pressure in the pump

and may be used to measure vacuum,
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The ion pumping elements have a 40,000-hr life rating
for continuous operation at 1078 torr and 400,000 hr
at 10~7 torr. The BoostiVac filament's life is a
constant 4 to 6 hr per filament, regardless of pres-
sure and its effective life in the system, and is
controlled by cycling timefl)Preliminary tests give
values of approximately 50 torr-liters/titanium fila-
ment at 10'7 torr. By proper cycling, this value can
be maintained at lower pressures to give over 10,000
hr of rated pumping at 10-9 and 10710 torr from the
38 filaments available, Cycle on-times will vary

as a function of pressure. Optimum results are
achieved from continuous filament operation at 10-7
and 1078 torr; 2 minutes on and 30 minutes off
operation a1;,10-9 torr; and 2 minutes on, 5 to 10

hours off at 10"10 torr.

The Model 20-900 pump requires three Model 60-154
power supplies for operation of the ion pump ele-
ments and two Model 60-501 power supplies for
BoostiVac filament operation. Only electric power
is required: 230 v, single phase, 60 cycle, ac,

A maximum of 18,3 kva is required during starting.
Less than 2.3 kva is required for continuous opera-
tion below 10~7 torr. The installation of the pump

is shown in Figure 22,

Advantages of Ion pumping include the following:

(a) Oils are not used as a pumping medium, elimi-
nating any possibility of hydrocarbon contamination
of the system. This insures more reliable and

accurate test results.

Bulletin: B-1221, Ultek Corporation
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(b) During high vacuum operation, the system is com-
pletely sealed from atmosphere. Forepumping is eliminated
and a power failure cannot destroy vacuum in the system.

Pumping will start again when power is reapplied.

(c) Power consumption is low, averaging less than 2 KW
during high vacuum operation, as compared with over 20 KW

for a diffusion pump and its forepump.

{d) Vidcuum system design is simplified because the pumps
will operate in any position and do not have to be located

vertically.

(e) A full 50,000 liters/sec of nitrogen and 70,000
liters/sec of hydrogen pumping capacity is available at

the chamber orifice.

(2) Cryogenic Pumping

O2 and N, pumping is provided by 1300 sq ft of shielded
cryopanel operating at 20°K (-423°F). This array is
estimated to have a speed of 3.3 x 108 liters/sec from
1075 torr to 1072 torr. The cryopanel is shielded from
the loop by liquid argon cooled shields to reduce the heat
load to the panel. The estimated heat load to the panels
is 2 KW, The 2 KW is a judgment factor. The actual heat
load will depend on cryopanel array chosen and emissivity
of panels. The heat load also depends on loop tempera-

ture and area. The cryopanel array is shown in Figure 6.

e) Chamber Performance

The chamber is evacuated from ambient to 10_2 torr using the
two-stage roughing train. At 10~2 torr, the diffusion pump heaters
are turned on and the liquid argon is let into the shroud. When
the diffusion pumps reach operating temperature, the chamber is

evacuated to an operating pressure of 10—5 torr.
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The roughing system and diffusion pump performance is
shown in Figure 30, chamber evacuation time is 4 hr,

The time vs pressure curve is shown in Figure 29.

Pumpdown performance of roughing system is given in

Table 9.

TABLE 9

CALCULATED TIME TO EVACUATE CHAMBER
(Clean, dry and empty - outer chamber pumping only)

P, P, Calculated Time (min)
torr torr Incremental Cumulative

760 1 45 45
1 10~2 145 190
Diffusion Pump Warm Up 60 250
10~2 10-3 42 292

10~3 107° 2 294

The hydrogen pumping speed is shown in Figure 1 which
illustrates the importance of operating below 10-7 torr.
The total performance of the chamber for all gases is
shown in Figure 4 where throughput vs pressure is given

for various gas species.

The ultimate pressure, P in torr, attainable in any vacuum

vessel, is given by:

s Qi(1)

P =
S
where Qi denotes the amount of gas influx from all sources.in

torr liters/sec, and S denotes the system pumping speed in liters/sec.

The gas influx will come from 6 general sources: (1) true
leaks; (2) virtual leaks; (3) specific influx from the
walls; (4) seals; (5) noncondensable cracking products
from the ion pumps; and (6) the test article.

1 .
M Equation (4-7), pg. 49, High Vacuum Engineering by A. E. Barrington
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In the inner chamber, the shroud is cooled to 110°K, thus
reducing the outgassing rate to less than 10712 torr
liters/sec; virtual leaks will be essentially eliminated

7 torr liters/sec

and true leaks will be less than 10~
because of the double wall construction. No organic seals will

be present in the chamber, because of thé possibility of con-
tamination. Theion pumps have demonstrated their"ﬁbility to operate

at 10-12 torr ‘and should ‘not be a source‘of-baékstreamingfl)The opera-
ting pressure for the inner chamber is less than 5 x 10710

torr. Since the expected working pressure will be 5 x 109

torr or greater, the base pressure gas load will be less

than 10% of the total gas load and can be neglected within

experimental errors. The working or operating pressure is

therefore determined by outgassing of the test loop.

The outgassing rate of a material is determined by the
material, its previous history and operating temperature.
Figure 2 shows the outgassing rate for stainless steel
as a function of temperature after 24 hr at temperature.
Figure 3 shows the outgassing rate of stainless steel
by gas specie as a function of time for stainless steel

at 500°K (440°F).

Chamber performance is determined by the gas load. The
chamber is designed to have the largest feasible gas

throughput.

Figure 31 shows the allowable square feet of surface area
for a given partial pressure as a function of various out-

gassing rates.

System Limitations

Backstreaming

It is extremely difficult to completely eliminate backstreaming;
however, it can be reduced to a very low level., Back-
streaming can occur from the mechanical pumps, the Roots-

type pumps, and the diffusion pumps. The backstreaming

Ultek literature and papers on Ion Pumps

-109-



from any source is pressure dependent.

In the high pressure or viscous flow region, diffusion gas
sweeping occurs and hence contributes very little to the
backstreaming., In the transition region,backstreaming is
most significant. For the roughing system this would occur
from about 10 torr to 10~2 torr., It is difficult to trap
backstreaming gas in the transition region by mechanical
methods because the mean system dimension is so small that
it would limit the conductance, Therefore, some other
technique must be used. Backstreaming will occur from the
diffusion pumps in the 10—2 to 10~ torr region and opera-
tion in this pressure region should be limited. Liquid
argon-cooled, optically-dense baffles will be used to

reduce backstreaming in the molecular region,

The regime of flow for control of backstreaming is shown
on Figure 32. The backstreaming rate through a baffle is
shown on Figure 33, To trap oil backstreaming in the
transition region, an ion baffle (See Figure 34) is pro-
posed. This consists of a cylinder with an electrode
operating at high voltage located axially. The oil is
decomposed into low molecular weight molecules which are
evacuated by the mechanical pump., The typical performance
of the ion baffle is shown in Figure 35, indicating a
significant improvement in backstreaming with an ion

baffle operating.

-110-




3.

Loop Radiation Heat Removal

a) Thermal Shroud. A panel coil type shroud will be constructed to

form an optically dense and essentially vacuum tight inner chamber.
The shroud will form both a means for condensing water vapor, heat
removal, and vacuum closure with very low outgassing. The shroud
material will be Type 304k stainless steel to be compatible with

the liquid metsals.

The proposed arrangement of the thermal shroud is shown in Figure
6 . The shroud is welded in place and is free to contract longi-
tudinally. The large end is clamped closed, making a metal-to-

metal low conductance seal, All feedthroughs are welded in place.
There is adequate clearance around the shroud for maintenance and

cleaning without removal.

The shroud system comprises 8 zones; 6 areund the circumference of

the chamber; one each at the closed end, and the removable end.
Each of these is cooled by an independently controlled liquid
argon circuit. The shields for the helium cryopanels are zone

controlled and interlocked with the helium refrigerators.

The entire interior surface of the shroud is coated to provide a

radiation absorption coefficient of greater than 0.9 to reduce

-reflected radiation to the cryopanels. The outside surface of

the shroud and the shield panels are electropolished to reduce
heat absorption. The absorption coefficient will be less than

0.1.

The thermal shroud will have a leak rate of less than 5 x 10'”7

torr liters/sec. The panels will be designed to operate up to
150 psi. The shroud will be cooled with liquid argon to a surface

temperature of 115°K (-252°F) within 2 hrs.

The shroud temperature will be measured at three points on each

zone, Temperatures will be recorded in multipoint chart
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recorders and used to control independently the temperature

of each zone,

Refrigeration System. The argon cooling system provides a

subcooled liquid argon to the thermal shroud. Liquid nitrogen
is supplied to the subcoolers from a liquid storage facility.
The argon flow rate and temperature are controlled to vary the
surface temperature of the thermal shroud within the required

range. The system is shown schematically in Figure 36,

Since argon is used as a coolant, it is necessary to provide a
pressurized system to prevent freezing. A nitrogen-argon phase

diagram is shown in Figure 37.

The primary liquid argon system for continuous heat loading is
composed of a subcooler and circulation unit, control instru-
mentation, and necessary transfer and distribution lines and
valves, The subcooler and circulation unit operates on a closed-
cycle, single-phase principle in which the heat is removed from
the circulating stream by heat exchange with nitrogen boiling at
essentially 35 psia pressure. The unit is composed of a Dewar
subcooler with integral heat exchanger, variable speed pump,
insulated valve manifolds, and a control panel., Insulation is
Linde Division, Union Carbide Corporation, Super-Insulated VIP
and/or foam-insulated polyurethane. Valves and instrumentation

are of proven design for remote operation.

The primary liquid nitrogen system consists of: (1) a 20-hp,
variable-speed, centrifugal pump with a 300-gpm 9apacity,

(2) a Dewar subcooler with integral heat exchangers, (3) insu=
lated valve manifolds and (4) a remote instrument and control
panel. The liquid nitrogen subcooler, including the subcooler
Dewar and control console, is a complete package. Four complete
packages are provided such that one unit will provide redundancy

and backup. The schematic layout of the equipment is shown in
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Figure 36.. Subcooler vents: are insulated and plumbed to
the exterior of the mechanical equipment building. The system

is located in the mechanical equipment area.

Each of the 20-hp pumps is capable of supplying approximately
300 gpm of liquid nitrogen. This gives both flexibility of
operation and necessary standby capability for long term tests.
Each unit consists of a horizontal centrifugal pump (Byron
Jackson Company, or equal) coupled to a two-speed, double-
winding electrical motor. Each pumping unit is individually

controlled.

The Dewar subcooler consists of a vacuum, powder-insulated

vessel containing a heat exchanger and a reservoir of liquid
nitrogen at atmospheric pressure. Both the outer casing and

the inner vessel are designed in accordance with the ASME code
for pressure vessels. The heat exchanger is a braced-aluminum
plate,bfin—type unit, fo be selected.in final design, (Trane Company,
or ‘équal) and is mountéd vertically within the inmer vessel. - The
inner vessel is supported within the outer.casing, using a low
heat-leak method of suspension and thereby minimizing product
loss, Both-inner and outer vessels 'are -of welded construction.
All welding on shell seams of the inner tank will be made by the

helium or argon shielded arc method.

A vacuum line, with valve, is provided for evacuation of the
annular space of the vessel. A suitable gauge for monitoring

annular space will be provided.

The remote control panel of the subcooler provides a graphic
representation of the unit. Controls will be located for
simplicity of operation and monitoring. The panel includes
pressure and temperature indicators, indicator lights, a Dewar
level indicating controller, required pump controls, and push-

buttons.
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Normal liquid argon inlet temperature to the shrouds will be
85°K (-306°F). Outlet temperature will be 103°K (-274°F).
The complete system is designed to maintain subcooled liquid
nitrogen at an approximate pressure of 100 psig in the return
line from the chambers to minimize two-phase potential. The

design working pressure is 150 psig.

The primary system is capable of stable operation with constant

heat loads from 300 to 1200 KW. Fluid makeup to the pressurized
circulation loop is obtained from the NASA-furnished storage and
supply system to prevent loss of subcooling., The inherent nature

of the subcooler system, as specified, necessitates continuous

uninterrupted flow at the inlet.

The nitrogen level in the Dewar subcooler is automatically main-
tained by a level-control (to be selected in final design) which
senses the static ‘test of liquid and activates a control valve

in the makeup line from the storage system.

The pumps and heat exchanger can be placed in operation about
1/2 hr. after initiation of cooldown. The system is capable of
cooling the thermal shrouds from ambient temperature to a maxi-

mum 115°K surface temperature in approximately two hours.

(1) Heat Load. The primary liquid argon system is designed to
maintain the thermal shroud at 115°K (-252°F). .The total
design load is shown in Table 8, Section V{D), and was

determined as follows:

Heat from Loop 800 kw
Heat from Chamber Structure 23
Heat from Pipe & Valves 14
Heat from Other Sources (Safety Factor) 63
Total Design Load 900 kw

The Linde Division, Union Carbide Corporation, Super-Insulated
VIP pipe, with vacuum pfeservation, is used for all straight

sections, 20 ft. or longer, outside of the chamber. This pipe,
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with vacuum preservation, is the best known cryogenic insula-
tion system available at a reasonable price. Shorter lines
outside the chamber, which continuously handle liquid nitrogen,
are insulated with polyurethane foam, applied in two layers with
staggered joints and covered with a suitable moisture barrier.
This system averages less than 1.0 Btu/hr/ft heat leak for
straight sections; valves and fittings average higher. The
liquid argon lines within the chamber are not insulated because

chamber vacuum provides sufficient insulation.

The liquid argon system is sized to handle the 900 kw. The
argon will enter the chamber at approximately 110 psia and 85°K (—305°F)
and leave at 90 psia and approximately 103°K.(—274°F). The design

working pressure is 150 psig.

Signals for monitoring and controlling operation and performance
are provided in the central control room. All components, such

as the subcooler, will be started at the central control room.

Distribution of liquid argon through the shroud zones of a

chamber is accomplished by remote operation of the control valves

in the discharge lines. (Ref. Fig. 36). The valves provided for oper-
ating at cryogenic temperatures are designed to assure good performance
and to minimize heat leak into the system during continuous

cold service operation.

(2) Choice of Coolant. Water, nitrogen, and argon were con-

sidered for the shroud cooling system. Because of the pos-
sibility of shroud failure and the resulting rapid corrosion
of the test loop in the presence of nitrogen or oxygen, the
fluid recommended is liquid argon. The argon will be
circulated under pressure and heat removed in a subcooler
using liquid nitrogen as the refrigerant. Liquid nitrogen
consumption is 6 gal/kwh, which would correspond in this

case to 5400 gal/hr for operation at 900 kw.
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3)

4)

Temperature Requirements. The temperature of 115°K (-252°F)

is chosen as the operating temperature of the panels between
fins because of need to operate at the temperature where
argon, the selected medium, is a liquid. A liquid is desira-

ble because of the heat transfer characteristics.

Liquid nitrogen is selected as a convenient refrigerant
because of its high latent heat capacity (86 Btu's/#) and

relative low cost,

Use of Existing Equipment. A preliminary investigation has

been conducted to determine whether converting the existing
wind tunnel refrigeration system for service in support of
the space lower chamber merits further study. This prelimi-
nary investigation indicates that a more detailed study will
be worthwhile. The facts that lead to this conclusion are

presented in the following discussion.

The main purpose of the existing Carrier refrigeration
system was to cool the low pressure air circulating in the
Altitude Wind Tunnel. A secondary York system cooled the

combustion air fed to test engines.

The Carrier system consists of 14 centrifugai compressors
driven by 1500-hp motors, each rated from 250 to 550 tons

of refrigeration, depending on the temperature and pressure
conditions under which they are operated. Performance limits
of the system as it is now installed appear to be a refri-
gerant temperature range having a lower limit of -65°F.

The total refrigeration tonnage at this temperature is
approximately 3500, At higher temperatures, tonnage capa-
city increases to a maximum of about 7700, assuming an 87°F

heat rejection temperature,

The cooling requirements of the Space Power Chamber conver-

sion is approximately 300 tons at -300°F.
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It may be possible to modify the existing system to accept
300 tons of refrigeration at —120°F and reject this heat

at 87°F. The modification would probably consist of com-
pounding the existing machines, changing their operating
speed and changing the refrigerant and replacing some of
the cycle components (such as heat exchangers) with compo-
nents made of more suitable materials. This expansion of
the existing system's operating temperature range reduces
the systems capacity to such an extent that it may be neces-
sary to add an additional unit in order to obtain an 87°F

heat rejection temperature.

Another additional refrigeration cycle will have to be

purchased. This cycle will have to accept 300 tons of heat
0

at -300 F and reject it to the modified existing equipment

at approximately —120°F.

This preliminary investigation indicates that even if a
more suitable refrigerant is employed, the present equipment

is not capable of operating down to —300°F.

It is recommended that the matter of converting the existing
refrigeration system be studied in more detail. The object
of further study would be to balance the capital and opera-
ting costs of modifying or adding to the existing plant
versus corresponding costs of alternative heat removal pro-
posals. The two alternative plans that would be considered
are (a) removing the total heat by using it to boil vendor
supplied liquid nitrogen and (b) constructing a new, more

advanced refrigeration system to handle the total load. ’

The lowest initial cost is obtained by using purchased
nitrogen to cool liquid argon that is used as the circulating
fluid in a closed loop. This is the system assumed in the

present study.

(5) System Layout. The System Layout is shown in Figure 36.
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4,

Dense Gas Helium System

a) System Description

b)

The dense gas helium system consists of three helium refrigera-
tors, each with a nominal capacity of one kw at 20°K (-423°F) or
lower, and a cold gas distribution system. These components and
all required auxiliary piping, valves, and controls are shown

schematically in Figure 38.

The three refrigefators are used to provide flexibility of
operation, redundancy, and reduced operating costs during
periods of low refrigeration usage. A manifolding system allows
any of the three units to be removed from service without

affecting operation of the other two.

The cryogenic helium system is operated and monitored from the
control room. Control panels indicate pressures and temperatures
at key points in the system and the positions of the remote
operating helium distribution valves. To minimize steady state
heat leak and cooldown loads imposed on the refrigerators, the
Ccryogenic helium gas distribution piping is vacuum super-insulated

pipe.

Panel Configuration

The cryopanels will provide condensing surfaces for gases which

(o) ;
are condensable at about 20 K (—4230F) and thus serve as effective

pumps for all but a few. gases. The cryopanels are shielded from the

test article and chamber structure and any other heat sources
within the chamber by liquid argon cooled panels, The cryopanels
are supported longitudinally on low conductivity supports and
have a high reflectivity to minimize heat inleakage. The cryo-.

panels are cooled by a helium refrigeration system.

The cryopanels arée fabricated from Type304L stainless steel and

are arranged in three zones around the circumference of the
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c)

d)

chamber. Each zone has independently controlled helium cooling.
This cryopanel array provides a shielded work zone 16 to 20 ft

in diameter. The array is shown in Figures 6 and 28.

All cryopanels are located in the cylindrical part of the chamber
so that the chamber access end may be removed and the access

door may be opened without breaking any helium piping connections.

The panel configuration has been selected to maximize available

work area and maintain high pumping speed with a slow heat loss.

Cryopanel Performance

The refrigerator is sized to maintain a maximum surface tempera-

ture of 20°K (—4230F) with the design heat load of 800 kw from the test
loop radiated to the argon cooled shroud. The heat load is

estimated at 2 kw. Three kw in three separate units provide
redundancy since, if the panels are inadvertently warmed up, all

gases which were pumped will be released.

-6
The pumping speed is estimated at 3.3 x 10 liters/sec for

-5 -9
oxygen and nitrogen at pressures from 10 to 10 torr,

-7
The panel leak rate will be maintained less than 5 x 10 torr

liters/sec for the entire cryopanel system as installed.

The cryopanel temperature will be measured in each zone. Tem-
peratures are used to control the panel temperature of each

zone independently.

Helium Refrigerators

The helium refrigerators (Linde, Cryovac or equal) are furnished
as a complete skid mounted package. The systems are located in the

mechanical equipment area under the chamber.

The refrigerator consists of expanders, heat exchangers, helium
purifiers, gas reservoirs, integral piping, control and other

auxiliary equipment.
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Pressure and temperature sensors will be installed at three
points within each cryopanel zone. Temperature sensors would
be thermocouples prepared to NBS standards. The pressure gauges

could be supplied by Cryovac or equal.

The refrigerators/compressor system is designed to maintain a
continuous sub 20°K (-423°F) flow of cold helium gas at a minimum
pressure of 30 psig to the cryopanels. The system is designed to
operate continuously for a period of up to 1000 hr. without

maintenance.

The system is a closed cycle type and is designed to recover

the helium for storage on panel warm up.

The helium system also provides for controlled warmup of the

helium panels from 20°K (-423°F) to 100°K (-279°F).

Heat Rejection System

The function of the NaK loop is to remove heat from the potassium
loop. Heat enters the NaK loop in the potassium condensers and

the turbine simulator and leaves the NaK loop through the NaK-air
heat exchanger. This portion of the report describes the air system
which removes the heat rejected by the Nak loop. The air system
consists of two subsystems. The major subsystem removes up to 51.2
million Btu/hr (15 MW) from the NaK-air heat exchanger. The minor
subsystem removes the 280,000 Btu/hr heat loss from the NaK lines
located outside the space chamber, plus the heat rejected from the
exterior surfaces of the major subsystem. These Subsystems are

discussed separately in the following paragraphs,

a) NaK-Air Heat Exchanger Air System

The primary function of the NaK-air heat exchanger air system is
to remove 15 MW from the NaK in the NaK-to-air heat exchanger,
This air system also serves to heat the heat exchanger in'pre—
paration for NaK loop startup. Figure 39 includes a schematic

of the NaK-air heat exchanger air system.
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Normal Operation., During normal operation, air enters the

(s
NaK-air heat exchanger at 200°F and leaves at 850 F. The
(e)
200 F inlet air temperature is obtained by recycling some
of the heat exchanger exhaust air and mixing it with ambient

air prior to introduction to the blower inlet.

Valves 1, 2 and 5 (Figure 39) are modulating valves which
are automatically controlled to provide the proper amount

of 200°F air required to handle any NaK cooler load at any
facility ambient temperature. Valves 3, 4 and 6 are closed
during normal operation. The NaK cooler exhaust air that is
not used to heat blower inlet air is exhausted through the
stack to the atmosphere. The top of the stack is 65 feet

above ground level,

During normal operation at the 15 MW heat rejection level,
329, 000 pounds per hour of 200°F air is required by the

NaK cooler. On a cold day, about 75 weight percent of this
air will be drawn from the atmosphere. The remaining 25
percent will be recycle air taken from the NaK cooler dis-
charge. The blower total pressure rise will be approximately

20 in, of water column.

There are advantages and disadvantages to a single Nak
cooler blower system and the alternative dual parallel
blower system, The relative merits of each will be weighed
again before definition of final design is complete., It is
possible that a dual blower design may be used for the NakK

cooler as a result of this later analysis,

Start-Up. During start-up, the air system supplies SOOF
air to heat the NaK-air heat exchanger core. The heat for
this duty will be supplied by 100 psig saturated steam in
the heat exchanger located between valves 3 and 4 in

Figure 39.
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During start-up operation, valves 1, 3 and 5 (Figure 39)
are modulated automatically to maintain an 80°F air tem-
perature at the NaK cooler-inlet. Valve 4 is open but
does not modulate. Valves 2 and 6 are closed, Warm air
that has passed through the steam-air heat exchanger is
mixed with ambient air to provide the required air tempera-
ture at NaK-cooler inlet. After passing through the Nak
cooler, some of the air is recycled back through the steam
heater while the remainder goes out through the stack to

the atmosphere.

The steam~air heat exchanger has been tentatively sized to
provide two million Btu/hr for system heating. The design
philosophy of the start-up system is to make it as small as
possible, consistent with the start-up requirements, because
it is used much less than other cooling system components,
The size is dictated by the amount of metal to be heated,
the temperature to which this metal must be heated, and the
time allowed for heating. In a later phase of the design
when these criteria have been defined, the start-up system

will be resized with an eye toward further reducing its

size,

With the presently defined system, if the ambient air
temperature is —10°F, then 40,000 1b/hr of air is drawn
from the NaK cooler discharge and passes through the steam-
air heat exchanger. The resulting hot air is mixed with
53,000 1b/hr of cold air which is drawn from the atmosphere.
Mixing takes place upstream of the blower, and the total

flow passes through the blower and NaK cooler,

With the proper combination of design criteria, it would
be possible to eliminate the start-up system altogether.
In this case, initial heating would be accomplished utiliz-

ing the fan temperature rise and passing full flow through
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the blower with valve 1 closed, valve 2 open, and valve S
open only enough to vent the pressure caused by expansion
of the air. This would be a boot-strap operation, with the
fan inlet temperature being increased with each recircula-
tion cycle. When the fan discharge temperature reaches the
desired level, valve 1 could be opened to allow cooling via

mixing with ambient air.

Emergency. The two emergency conditions that affect the
NaK-air heat exchanger air system are (1) a NaK leak into
the air stream and (2) a power failure. Both of these
eventualities are automatically covered. As soon as a pre-
determined NaK or NaK combustion product concentration is
detected by sensors in the stack, valve 6 (Figure 39) opens,
valve 5 closes, and power input to the primary loop and the
NaK flow rate are cut to a level which is consistent with
the reduced cooling capacity of the NaK-Air Heat Exchanger
Air System. The emergency capacity of the NaK-Air Heat
Exchanger Air System varies from 3 MW to 4 MW depending on
ambient temperature. All of the NaK cooler exhaﬁét air is
discharged through valve 6 and the scrubber before it is
exhausted to the atmosphere. During this type of emergency
operation, valves 1 and 2 still modulate automatically to

maintain 200°F inlet air temperature to the NaK cooler.

In the event of a power failure, the auxiliary power supply

will automatically start and supply electricity for the NaK
Air Heat Exchanger Air Systems and other essential space
chamber systems, until a safe shutdown can be accomplished.
Any failure in the NaK-air heat exchanger air moving system
equipment will be sensed by automatically monitoring NaK-
cooler discharge air temperature. In the event that this
temperature exceeds a predetermined limit, the power input

to the primary test loop heater and the NaK flow rate will
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be cut. Valve 6 will be automatically opened, valves 5

and 2 will close and valve 1 will go wide open. The
scrubber blower, running on power supplied by the auxiliary
power unit, will draw cool air through the NaK cooler until

a safe shutdown can be accomplished.

b) Heat Rejection Facility Ventilating System.

All NaK lines and containers outside the space chamber
including the NaK-air heat exchanger air system are
enclosed in an essentially air-tight building. These
lines, containers and the air system transfer approxi-
mately 600,000 Btu/hr to the air in the heat rejection
building. The primary function of the ventilating sys-
tem is to remove the resulting hot air from-the heat
rejection facility building. The ventilating system
consists of two 17,000cfm. fans located on the outside
wall of the building, two corresponding remote controlled
air inlet louvres, two remote controlled exit louvres,
and a remote controlled valve connecting the dump tank

building to the air scrubber suction line.

During normal operation, the inlet and discharge louvres:
are open, the air scrubber line valve is closed, and the
fans move 34,000 cfm of air through the building. The
air temperature inside the building is maintained at a
level approximately ZOOF higher than the ambient air

temperature.

In the event of a NaK leak or NaK fire in the building,
the scrubber line valve is automatically opened and the
exhaust louvres are automatically closed, hence all con-
taminated air from the building is directed through the
scrubber before it is exhausted to the atmosphere. The
inlet louvres remain open and the fans remain in opera-

tion so that the flow of fresh air is not interrupted.
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If the scrubber is already operating at capacity, or if

the extent of the NaK leak is so great that the introduction
of fresh air is undesirable, then the intake louvres and
scrubber line valve can be closed from the control center
and the air-tight building can be flooded with inert gas to

extinguish the fire.

In the event of a general power failure, the auxiliary power
unit supplies electricity to operate the fans, louvres, and

valves as discussed in the preceding paragraphs.

In the event of a fan malfunction, the scrubber line valve
can be opened from the control center and the scrubber
blower used to draw air through the building. Opening both
the inlet and discharge louvres will establish a natural
convection air flow which will augment the cooling capacity

available from the scrubber blower,

6. Auxiliary Systems

a)

Chamber Ventilation

The ventilation system will provide for exhaust ventilation
of the chamber during servicing of the test article under
ambient conditions and chamber cleaning. No provision is
made for heating or cooling of the ventilation air. The
system provides an air flow rate of 7000 scfm through the

chamber, i.e., approximately five changes of air per hour.

The ventilation blower is located outside the chamber. It
exhausts to the scrubber or directly to the 65-ft stack

provided on the facility.

Intakes and ducts are of standard ventilation design. The
duct penetration through the chamber wall is of 24-inch
nominal diameter. The ventilation isolation valve is of

carbon steel.
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1)

b)

c)

Chamber Lighting

The chamber is illuminated by eight 110-v lighting fixtures
located near the top of the chamber. The lamps are 500-w,
tungsten filament, tubular quartz lamps similar to those

in thermal simulators. These lamps provide sufficient
illumination for test loop set up and visual observation
through the test ports, Special lighting may be required

if television or photographic cameras are used for test sur-

veillance,

Auxiliary Argon and Helium Systems

Argon for auxiliary systems will be supplied from vaporization
of liquid argon from a storage tank. The liquid argon will be
fed to a vaporizer and then to a compressor where it is
pressurized to 100 psig in a 100-cf accumulator. The gas is
available for use in a number of systems from the accumulator.
A flow schematic is shown in Figure 40, The following systems

are connected to the .accumulator:
(1) Valve operation at one 1b/sec up to 100 psi.‘

(2) Chamber repressurization at 30 psig inlet pressure.

(3) EM pump cooling. Make up is provided to the recirculating
system giving 5 1b/sec at 100 psig and 100°F. A heat
exchanger is provided to remove 560 Btu/sec.

(4) Cover gas. Cover gas is provided for the Li dump tank,

Li surge tank, K dump tank, NaK tank and NaK surge tank.
The typical impurities contained in liquid argon are as
follows: Oxygen - less than 5 PPM, Hydrogen-nil, Nitrogen-
less than 25 PPM, and carbonaceous gases—nil.(l) It is
felt that, since the cover gas is stagnant and a small
percentage of gas weight to respective liquid metal weight,

the gas impurities will be acceptable.

A high purity inert environment is necessary for welding refractory
metals., A helium purification system is included to provide 100

cfm of gas at 30 psia with an active impurity level below 5 parts

per million, The'system uses high temperature zirconium to purify

commercial high purity helium.

Product Specifications for Liquid Argon from Air Products and Chemicals, Inc.
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E. Electrical

a) Site Electrical

The existing switch gear and control system installed for the wind
tunnel drive motor will remain and supply power to the primary loop
acyclic power generator. The power will be supplied at 4160 volts,
and peak power required for this drive is 17,500 kva to generate 15 MW
at 67 vdc, The existing 480-v switch gear will be used for the outer

" chamber vacuum pumping system. This will require 500 kva,

New switch gear will be installed to handle power for the remainder
of the new facility. The 4160-v line is assumed available at the site.

The new loads require the service characteristics listed in Table 10.
The one-line diagram of the system is shown in Figure 26.

One transformer is supplied for 480-v test power and one for
208/120-v line heaters. A second 480-v transformer will supply

power to equipment added to the facility.

b) Primary Loop Heater

Power for the lithium-loop heater is supplied by two new 8 MW,
60-vdc acyclic generators(l) driven by an existing 19,750-~hp wound-
rotor motor through a speed increaser. Current output is controlled
by varying the dc current to the field coil; fields are controlled
in unison to obtain the same voltage and current from both generators.
Loop temperature will be controlled by regulating input power by
varying the field current., Field current will be regulated by a

closed-loop feed-back control which senses loop temperature.

The dc output from the acyclic generators will be transmitted
to the chamber through a system of four air-cooled copper bus bars.
Each bus bar is made of twenty 3/4-inch copper bars ten inches wide.
The individual bars are connected to a single copper bar 15 in. in
diameter, with provision for liquid argon cooling, before penetrating
the outer wall (see Figure 41). This bar is brazed with 65 Cu/35 Au
alloy to a columbium-l/zirconium alloy casting. The lithium loop is

passed through the casting and welded.

(l)Bulletin GED-4471 Large Motor & Generator Dept., General Electric Co.,

Schenectady, N. Y.
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TABLE 10
NEW ELECTRICAL LOAD SERVICE CHARACTERISTICS

Boiler Preheater - 3,000 kva - 4160 v - 3 phase

EM Pump Power - 1250 kva - 480 v - 3 phase

NaK Dump Tank

Heater - 75 kva - 208 v - 3 phase

Instrumentation - 50 kva - 120 v - 1 phase
regulated

Line Heaters - 350 kva - 208/120 v - 3 phase
intermittent
and controlled

Ion Pumps - 366 kva - 480 v - 3 phase
intermittent

and controlled
Chamber Heat Re-

moval and Helium

Refrigeration - 850 kva - 480 v - 3 phase
NaK Cooler Fans - 500 kva - 4160 v - 3 phase
Scrubber Fan - 200 kva - 480 v - 3 phase
Air Conditioning - 50 kva - 480 v - 3 phase
Lighting - 75 kva - 208/120 v - 3 phase
- 100 kva - 480 v - 3 phase
Ventilation Fans - 50 kva - 480 v - 3 phase
Unit Heaters - 10 kva - 480 v - 3 phase
SUMMARY

Existing 17,500 kva, 4160 volts

500 kva, 480 volts

New Load 7,000 kva, 4160 volts

Total 25,000 kva
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c) Conversion of Existing Wind Tunnel Fan Motor

The existing 19,750 HP motor referred to in the previous paragraph
was originally installed to drive the Altitude Wind Tunnel Fan. The
maximum speed is 450 rpm and it can be controlled down to 300 rpm.

It is mounted on an elevated foundation with its centerline
coincident with that of the wind tumnel, about 30 ft. above the ground
as shown in Figure 41. The 9-ft distance between the coupling face
and the outer surface of tunnel stiffeners is insufficent for
installation of both an in-line type of gear-shaped increaser and the

acyclic generators.

Several alternative solutions to this problem were explored.

(1) Replace the existing motor with a new one installed at ground

level and designed to operate at the 3600-rpm speed of the generators.

(2) Use a double right angle drive gear-speed increaser with

generators located alongside the wind tunnel.

(3) Relocate the existing motor horizontally in a position where
adequate space for the in-line speed increaser and generators can

be provided.

(4) Lower the existing motor to ground level where adequate space

exists under the wind tunnel for the gear drive and generators.

Alternative (4) is the least expensive by a considerable margin and

is the recommended solution unless a more compact gearing and generator

arrangement can be developed that can fit into the existing 9-ft. space.

The existing switchgear and control systems would continue to be
used for motor startup, but it is not proposed to operate at other than
maximum speed. Generator output would be regulated solely by variation

in field current.

d) Boiler Preheater

Two 1500-KW acyclic generators(l) driven by a single 4250-HP,

4000-v,60-cycle synchronous motor will provide input power to the boiler
(l)Bulletin GED-4471 Large Motor & Generator Dept., General Electric Co.,
Schenectady, N.Y.
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preheater. The heater will operate at 26 vdc to reduce interference
with instrumentation. Acyclic generators will be used to eliminate
ac ripple. The output will be controlled by varying the current to

the field coils. The bus system will be of similar construction for

the lower (1500-KW) capacity.

e) Loop Heating

During startup, auxiliary heat will be supplied to the loop by
resistance heaters. A total of 146 (20-amp 120-vac) circuits will
be provided for this purpose.. Each circuit will be supplied with

temperature sensing and on-off control,

f) Auxiliary NaK Dump Tank Heater

75-kva, 208-v, 3-phase power, controlled by a temperature sensor,
will be available for the NaK dump tank heater. On-off control is

provided.

g) Emergency Power

To maintain a safe environment during failure of the electric
power system, an emergency generator will maintain power to the
vacuum equipment and other facilities requiring continuous operation.
The unit proposed is a 1600~-KW, 2000-kva, 4160-v, 3-phase 60-cycle,
natural gas fueled, spark ignited, engine driven, synchronous
generator. The unit will be started automatically on failure of
normal power to the 4160-v bus. The proposed vacuum system, as
well as the existing vacuum system, will be restarted automatically.
However, other drives required in operation will have to be restarted
by the operators. Power will be provided to selected instrument and

control panels as discussed under Safety, Sub-paragraph V(C){1).
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VI. INSTRUMENTATION
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A. FACILITY INSTRUMENTATION

1) Electronic Instruments

Wherever possible, the instruments used for facility and vacuum
control are standard types employed in the process industry. Trans-
ducers, located at various places in the chamber and in the operating
systems, generate low voltage signals representing operating con-
ditions (pressure, temperature, flow, etc.) which are routed to the

control room.

2) Local Instruments

Local instruments for air, argon gas and liquid, liquid nitrogen
and dense helium consist of conventional pressure gages, temperature

gages, and local pneumatic controls.

3) Control Panels

The control panels for the facility are modular types using
standard relay racks. The panels in the main control room have two
types of graphic displays. One is a block-diagram presentation
showing system operation by illustrating main vessels, equipment
and line layout. The other displays a sequence of events and
illuminates each event in turn as the sequence is followed. A
countdown console, using this type of display, will be located in
a central position in the main control room to coordinate control
of the facility and the test article. The controls and indicators
will be grouped below the graphic display and the alarm annunciators
will be above. Lights on the graphic display will provide status

information. The control set points are set by the operator.

4) Vacuum System

Control of the vacuum system consists mainly of on-off switching
and monitoring funétions. These functions include: startup of
mechanical pumps, blowers, oil diffusion pumps, and ion pumps;
monitoring of utilities such as cooling water and lube and sealing
0il; regulation of gas ballasting; and operation of high vacuum

valves. All systems are appropriately interlocked.

T FILMED.
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Instruments are provided for monitoring test chamber pressures
-12
from atmospheric to 1 x 10 torr and are connected to equipment
for transmitting these data to the remote control room. These

instruments are as follows:

(1) Three diaphragm-type pressure transducers to monitor
pressures from 760 torr to 1 torr.

(2) Four Alphatron ionization gages, with alpha particle
sources, capable of monitoring pressures from 1 to 1 x 10—4
torr (two in chamber; two in foreline).

(3) Six Bayard-Alpert type, dual-filament, non~burnout, ionization

gages located in the chamber for measuring pressures below

-4
1 x 10 torr. These gages will be Veeco RG-75, or equal.

Filament switching for the ionization gages will be accomplished
from the control room. Indications from the pressure-monitoring
equipment will be used for control. Two mass spectrometers will be
used to monitor gas leaks within the chamber. These spectrometers
will be capable of measuring a partial pressure of 1 x 10-10 torr for
gaseous species between 1 and 40 AMU. These measurements will be

used as a guide.

The main control panels have facilities for activating all
valves and operating all pumps. However, specific malfunction
alarms for each subsystem will be summarized into one alarm at the
main panel. Pressures and important temperatures are indicated

and recorded on the main control panel.

5) Time vs. Vacuum Pressure Product Meter

An instrumentation system is required to provide data corresponding
to the integrated loop contamination. For this purpose, an instrumentation
system is envisioned which will integrate pressure vs. time during
loop operation at temperatures over SOOOF. The system does this by
integrating the logarithmic output of the mass spectrometer. Loop

thermocouples determine the integrating time.
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6) Cyrogenic Systems

7)

(1) Argon System The temperature of each thermal shroud zone

is controlled by the manual regulation of liquid argon flow rate.
The liquid argon temperature at each zone element is recorded on

a multipoint recorder. Density detectors on the inlet and outlet
of each of the liquid argon headers to and from the chamber indicate
incipient two-phase flow. An electronic-pressure indicating
controller maintains back pressure on the common return header
from all zones to control system pressure in order to prevent
two-phase flow or freeze up. If zone pressure or temperature

varies beyond established test conditions, an alarm is activated.

(2) Nitrogen System A nitrogen system is used to absorb the

heat from the liquid argon shroud cooling system. The nitrogen
is sent from a storage and pumping system through four subcoolers.
The liquid nitrogen is evaporated from 35 psia to atmospheric

pressure through a control valve,

(3) Dense Gas Helium System A temperature control loop similar

to the argon system control loop regulates the dense gas helium
flow through each control zone. One resistance element is located
at the outlet of each zone. Enough information from the helium
refrigation, e.g., expander turbine inlet and outlet pressure and
temperature, is transmitted to the central control room for

surveillance and control of the refrigeration.

Leak Detection

Vacuum chamber - liquid level gages in surge tank extension
pipes appear to offer the most immediately available and reliable
method of detecting leaks in the lithium, potassium, and NakK
loops. Another answer might be a system which incorporates a
remotely controlled infrared sensitive TV camera and a viewing
screen for operator observation located in the central control
room. A leak would show as a change in radiation intensity
against a stable background. No commercially available equipment

is known to exist that can perform this function and a considerable
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8)

research and development program would be necessary to assure
satisfactory performance and reliability. It is considered
unlikely that vacuum gages will detect liquid metal leaks due

to rapid freezing on the cryopanels.

Emergency Instrumentation and Control

In a facility as complicated as this, it is impossible to design
the controls for all emergencies. However, certain safety features
will be designed into the instrumentation and controls to provide
for various emergencies.

a) A power failure will require the automatic activation of a standby
power supply. This power supply is described under Safety, Sub-
paragraph V{(C) (1).

b) Certain control instrumentation will contain warning lights or
buzzers to indicate over or under temperature or pressure.

c¢) Each controlled actuator (valves, etc.) will be designed to fail
open or closed on loss of power depending on its function in the
system.

d) Critical control operations will be determined during the final
design of the system and will be interlocked to prevent actuation
at an inappropriate time.

c) A series of panic buttons will be provided on the control panel
that, when energized, will sequentially shut down the facility.
More than one panic button will be provided because different
emergencies require different shut down procedures. The facility
operator will be required to decide which shut down is appropriate

after a review of the failure.
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B. LOOP INSTRUMENTATION

1. Purpose
The loop instrumentation has the following purposes:
a) Loop control

b) Loop component control and performance

2. Data Gathered

Primary data, directly gathered, includes:
a) Electrical input quantities: voltage, current, power, frequency
b) Thermodynamic quantities: pressure, temperature, liquid flow rate

c) Working fluid quantities: 1liquid level

Secondary data directly gathered or measurable:

a) Heating fluid, working fluid and heat rejection fluid sampling and
contamination

b) Infrared television presentation of system temperature distribution

c¢) Chamber vacuum level and contamination

3. Data Presentation, Handling and Storage

All transducers integral to the loop provide dc analogs, either directly
or from associated electronics, of the measured quantities. The various quantities
are displayed by meters calibrated directly in units of the quantities sensed,
e.g., temperature, pressure, etc. The meters are located on two graphic display
boards depicting the loop: one board for loop operation also contains the controls;
the other board displays the quantities of engineering significance used by
data taking personnel. Data measured on any test device(s) would be displayed by
indicators added to the latter board. Where required, indicators on the loop
control graphic board have adjustable limit contacts for initiating alarm and
automatic safety procedures. Figure 42 shows a typical instrumentation data

handling system for this facility.
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All data (analog) is continuously scanned in a 4-input per second cycle,
digitized in sequence and recorded in digital form on magnetic and paper

tape; it is also printed out numerically on paper tape. The format of the
magnetic tape recording is set up for ready assimilation by any available
general purpose digital computer. Temperature and pressure data are directly
utilized in system control and in alarm actuation. The output of each trans-
ducer is amplified to a voltage level in the order of one volt full scale to
preclude the possibility of error due to thermal emf's or circulating currents,
Each item is made available at control room jack panels; this allows convenient

selection and routing of data for chart recording.
4, Loop Control

Independent quantities are automatically controlled, with the levels
being manually adjustable., An example is control of heating and working fluid
temperatures to fixed values through proportional servo control of heater power
input. Dependent quantities, e.g., pressure, while not controlled, will cause
corrective action to be initiated if preset levels are exceeded, in this case,

by power reduction to the heater(s).

a, Sensing and Display

Figure 43 shows the loop instrumentation. The type and location of
loop instrumentation was chosen from the standpoint of facility
monitoring and control rather than for component test data. It is
assumed that test components, such as boilers and condensers, will
contain performance instrumentation integral with the component and

be of such a type as to measure accurately the parameters desired.
b. Heaters

Although the heaters are not part of the instrumentation systen,
their design is influenced by instrumentation considerations

(1) that practically no current circulate in the piping external
to the heater and (2) that magnetic field strength be very low

everywhere beyond the immediate environs of the heater conductors,
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The first is accomplished by supplying current to the heater at the
ends and at its center, with current flow in opposite directions
about the center point so that the net voltage across the heater is
zero. Cancellation of external magnetic fields comes about from
opposed current flow in the two halves of the heater helix, both of
which are coiled in the same direction. Heater power is controlled
by the voltage level applied to the heaters, in both the primary

and preheater systems. Each heater half is supplied from a separate
DC generator. Iﬁ each of the heater systems, one of the two genera-
tors is proportionally controlied in accordance with sensed tempera-
ture at the heater outlet; the other generator voltage is slaved to
that of the temperature-controlled generator such that end-to-end
voltage across the heater is maintained at zero. The principle of
applying power directly to the two halves of a liquid metal loop
heater, in such a manner as to prevent current flow external to the

heater, is an established practice now being used in single phase

c. Temperature Measurement

Measurement of all temperatures is through ungrounded-junction
thermocouples immersed in wells., Within the wells and the radiation
shielded volume, the thermocouple leads are insulated with BeO beads ;
alumina beads are used external to the radiation shielding. Experi-
ence with refractory metal loops has shown outgassing from ceramic

beads not to be a serious problem.

The highest temperature encountered in the loop is nominally

2200°F and all loop temperatures within the vacuum chamber are above

1400°F. Best calibration stability in this temperature range is

normally provided by the tungsten-rhenium alloy and platinum-

rhodium alloy thermocouple systems., Of the two, the tungsten-

rhenium alloy system is preferred, being used in the General

Electric 100 KW and corgosion loops because of less chance of reactivity
(1

with columbium alloys. 'The particular alloys used are tungsten-3%

rhenium vs. tungsten-26% rhenium. Unfortunately, the tungsten-

1
( )ORNL-TM—SSS High-Temperature High-Vacuum Thermocouple Drift Tests by

J. W. iendricks & D. L. McElroy.
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rhenium alloy wires become brittle at the junction because of

recrystallization from the welding operation. It is necessary
that mechanical stress be kept from the thermocouples by anchoring

the bead insulators with foil straps near the junction ends.

Experience at General Flectric has indicated that frequency of
failures due to brittleness is directly related to temperature
cycling, particularly when the thermocouple junction is made
directly to a columbium pipe wall. However, the number of failures
even in the absence of temperature cycling usually becomes quite
high during extended operating periods. The development of better
high temperature thermocouple alloys, amendable for direct attach-
ment to columbium or enclosure in columbium sheathing, should be

considered.

At temperature pickup positions outside the vacuum chamber, stain-
less steel or Inco sheathed platinum vs. platinum-10% rhodium
thermocouples are used in the range 1200 - 1400°F. Sheathed
chromel-alumel thermocouples are used at lower temperatures since

in the 1200 - 1400°F range drift is higher than with platinum vs.

platinum-10% rhodium. Table 11 summarizes the thermocouple characterics.

Three identical thermocouples are located at each station and the
output of each is brought to a terminal board outside the chamber.
Only one thermocouple is connected into the instrumentation system
at a time. The output of the three thermocouples at each pickup
point are compared at intervals during loop operation and if all
agree, any one of the group may be connected into the system. If
two of the three thermocouples agree, both would be assumed correct,
and either could be connected into the system. Finally, if all
three disagree, the choice of using none or if the temperature of
one compares reasonably with adjacent indicated temperatures, it
might be used, depending upon circumstances. This method of

sensor comparison and selection is used generally in the system
where redundant pickup is employed. Experience at General Electric

indicates redundant pickup to be desirable for long period operation.
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d. Pressure Measurement t

Currently, the most stable pressure transducer capable of continuous

operation with high temperature alkali metal is the slack-diaphragm
type.(l) The inert gas efflux system, equally good relative to
calibration stability does not, however, measure continuously or

allow simultaneous, continuous observation of a multiplicity of points.
The slack diaphragm system lacks the rapid response necessary for
observing fractional-second transient phenomena, and if transient data
are desired, a suitable system must be developed. Although each
transducer system has particular merit, the slack-diaphragm type
pressure transducer is recommended for this application. For reli-
ability, three slack-diaphragm pickups are recommended at each pressure
measurement point with only one transducer active in the instrumenta-

tion system at a time.

e. Liquid Level Measurement

Liquid level is measured in the surge and dump tanks. J-tube resis-
tance gage systems(Z) are employed for reliability and economy. Two
sensors are installed at each pickup point to afford some redundancy
and to provide a cross checking feature. Normally, J-tube level
sensors are custom designed for the application and present no signi-
ficant engineering risk. Flow data are measured with permanent
magnet EM flowmeters. No practical need exists for backing up the
EM flowmeters with other EM flowmeters, since reliability has been
proved.(s) To avoid a loss of electrical contact with the pipe wall,

the connections are made redundant.

The accuracy attainable with the EM flowmeter is about fl% when all
contributing parameters are known. That actually attainable over

extended periods, however, is about 5% due to variation of the

1

( )Taylor Pressure Transmitter with NaK filled element. Taylor Instrument
Company, Rochester, N. Y.

2

( )Development of Liquid Metal Level Probes - NASA-307.

(3)

Calibration and Testing of 2-N3.5-inch magnetic flowmeter for high temp. Nak
Service. ORNL 2793,
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Ultrasonic Flowmeters by Gulton Industries,

electrical characteristics of the pipe wall, contact between it and

the flowing liquid, and other factors not readily determinable for
correction of indicated flow. (See Problem Areas, Section IX of

this report.) Accuracy reliable to tl% or better is reported with

the ultrasonic flcwmeter(l) and its use may be considered. If the
ultrasonic flowmeter is used, each position should be backed up with

an EM flowmeter for reliability. The EM flowmeter should be calibrated
against the ultrasonic flowmeter and its data used pending failure of
the ultrasonic flowmeter. Ultrasonic flowmeters are custom designed
for the application; some developme nt work would probably be necessary

to provide for cooling the piezoelectric element holder.
Vapor Flow

No provision has been made for measuring vapor flow in the loop system,
although this is a quantity useful in connection with devices under
test. It is suggested that vapor flowmeters be designed appropriate
to requirements of the test device. Orifice or venturi flow devices,

with slack diaphragm pressure transducers, would be appropriate.

Quality Measurement

No provision has been made for measuring vapor quality in the system,
although this is a pertinent quantity in testing developmental devices,
particularliy turbines. 1Inlet qualities would iikely always be high,
probably above 98%; exit qualities may be as low as 80%. For the
higher range, a throttling calorimeter, now used in the General
Electric 3000 KW loop, would be a good choice; it is not, however,
capable of measuring qualities much below about 98%. The heating
calorimeter adequately measures guality over 80 - 100% range but

it is not as accurate as the throttling calorimeter at the high end

of the scale. The heating calorimeter would require that a rather

large heater capable of operating at 2000°F (or higher) be developed.
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The separating calorimeter (1) appears to be the best all-around
approach in terms of wide quality range capability and simplicity. A
further advantage is the fact that the liquid and vapor components of
the two-phase mixture can be measured with EM flowmeters; the latter,
after condensation. It is unnecessary for the liquid and vapor com-
ponents to be measured to better thamn 5% accuracy each for 11/29
accuracy in final results; it is necessary, however, that separation
be done precisely. Separating calorimeters are available for steam
systems and it is probable that some existing design could be adapted
for potassium operation. Two components, a separator and a sampler,

would require development.

h. Electrical Voltage, Current and Power Measurement

All data are measured as dc electrical analogs or are translated into

dc electrical analogs for convenience of indication and digitizing and,
ultimately, for computer assimilation. The electrical loop heating
voltage, being dc, is inherently in the desired form and merely requires
dividing down in a resistor network. The measurement of current and
power is through Hall-effect transducers, which provide a dc signal
directly for indication, and does not require the use of current shunts
or current ratioing devices. A Hall-effect single phase ac wattmeter(z)
is in service in General Electric's Corrosion Loop System. If shunts
were used at the current levels of the subject system, 5 KW would be
lost in each for a 50 millivolt drop at 100,000 amperes. So-called dc
current transformers, used in conjunction with conventional ammeters

and wattmeters, would be satisfactory from the measurement standpoint
but would provide no electrical analog of power for data recording and
processing. A dc analog could be derived from the deflection of an
electrodynamic wattmeter movement, but the overall system would be far

more complex than the Hall-effect counterpart.

1
( )Mark's Handbook, Lionel S. Marks, ed., p. 2112, McGraw Hill, 1941.

2
( )Model 150C61-YM Wattmeter, Scientific Columbus, Inc., 1035 W. 3rd Ave.,

Columbus, Ohio.
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Hall-effect ammeters and wattmeters are presently custom designed

for the application in higher current ranges, which is the case for
currents in the order of 100,000 amperes. This is not‘an engineering
problem and requires, mainly, designing a magnetic yoke to surround
the conductor through which the current flows. The Hall-effect
element, a wafer of semiconductor material, operates in a gap in the

magnetic yoke.

Signal Transmission and Display

The outputs of the various sensors vary widely as to level and output
impedance. Because of this and the desirability of circuit isolation,
each active sensor output is applied to a chopper type dc amplifier
where it is amplified to the order of one volt. In this level range,
the signals are applied directly to D'Arsonval movement meter indica-
tors on the graphic display boards and are also of a convenient
level for digitizing (or transmitting as raw analog data, if desired).
Measured data, e.g., loop temperatures, pressures, flows, heater
electrical quantities, etc., are displayed by meters on the graphic
display boards calibrated directly in the units measured, as stated
previously. The graphic display board has gained wide acceptance

particularly in the process industries.

The recording of data is in digital and numerical (visual) form.

The recorded data are on magnetic tape and punched paper tape; the
visual numerical data are printed on 'adding machine' tape. The
punched and magnetic tapes are suitable for computer data reduction
operations and for data storage. This system has been in use at
General Electric for some time and has proved its worth in terms of
data capacity vs. cost. It would not be practical, and probably of
no great advantage, to record all data simultaneously and continuously.
The graphic board indicators (meters) present the quantities simul-
taneously and continuously, however, Digital recording is done in

a sequence of four points per second, or faster. Quantities which
would most desirably be taken simultaneously can be grouped together
in the time sequence by connecting sensor amplifier outputs to the

scanner inputs, or the jack panels, in the numerical sequence desired.
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LOOP START-UP PROCEDURE
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VII, LOOP START-UP PROCEDURE

A, Start-Up Conditions'

The loop start-up described here will be the first start-up of the

system. The following conditions will be assumed:

1. All sub-systems such as generators, line heaters, argon, loop
vacuum, etc., and all components such as EM pumps, valves, and

flowmeters have been checked out and operate satisfactorily.

2. The vacuum chamber and associated pumping systems operate in a

satisfactory manner.

3. All liquid metal loops have been installed, leak tested, line

traced and insulated.

B. Operating Procedure

The liquid metal piping has been laid out in such a manner that, in
order to minimize expansion stresses, all three loops (Primary, Secondary
and Radiator) should be brought up to temperature at the same time. It will
be necessary to have all loop piping and components within the chamber at a
temperature of 400 - 5000F prior to flowing liquid argon through the cryo-
panels. The pipe temperature can be obtained with the line heaters. With
all line and component heaters on and the chamber at an acceptable vacuum,

the loops are ready for filling.

A reference to the flow schematic, Figure 7, will assist the reader in

following the start-up procedure.

1. With all valves to the various loops closed and the dump tank
heaters operating, the dump tanks should be alternately evacuated
and back filled with argon until the tanks are free of air. The
respective liquid metal may be blown or sucked into the dump

tanks through the fill lines.
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The respective loops should be alternately evacuated, back-filled
with argon and evacuated to remove all air., By opening the dump
valves the loops can be filled with liquid either by sucking or press-
urizing liquid metal from the dump tanks. There is sufficient

liquid metal in the respective dump tanks to completely fill each
loop. With the respective loops held at 400 - 600°F by the line
heaters, the liquid metal pumps should be started to flow liquid
metal through the loops. This operation will perform the final clean
up of the loop and components by using the liquid metals as the
cleaning fluid. It may not be possible to bring the radiator loop
temperature up to 400°F because the portion of this loop, outside

of the vacuum chamber, is not line traced. By preheating the radia-
tor cooling air with the steam heat exchanger and controlling the
radiator liquid metal flow at a low value, the temperature of this
loop can be held at a sufficient temperature for flushing and proper

pumping.

The respective loops should be dumped, after flushing, and the liquid
metal hot trapped in the dump tanks. Samples of the liquid metal may

be taken from the dump tank and analyzed for purity after hot trapping.
A method of extracting a sample for analysis 1is described in the Appendix.

The first dumping of the respective loops, that occurs during this cleanup

operation, will be a good time to record the time required to empty the
loops of liquid metal.

The primary loop should be refilled with lithium at 400 - GOOOF to

a low level in the surge tank, The primary pump should be started
and power applied to the primary heater. Contiruous monitoring of
the liquid level gage in the surge tank will be required because,
as the lithium is heated, it will expand and may tend to flood the
surge tank. If additional lithium is required in the loop it may

be blown in from the dump tank. If lithium must be removed from the
loop it may be returned to the dump tank by opening the equalizing
valve and jogging the dump valve. Cover gas pressure is applied and
maintained on the liquid metal through the argon valve above the

surge tank.
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The radiator loop is filled in the same manner as the primary loop.
As mentioned previously, all loops should be brought up to operating
temperature at the same time. This requirement will necessitate
either extensive automatic control on the heaters and radiator or
three groups of operators (one group per loop) working together.

By flowing small quantities of NaK and by flowing the radiator air
through the by-pass valve provided, the radiator loop can be made to

follow the secondary loop up to design temperature.

The secondary loop is probably the most difficult to start because

of the absence of a simulator inlet valve, the presence of two-

phase flow and the horizontal boiler and condenser. The secondary
loop should be filled to an indicated level in the head tank. With
the potassium at a temperature of 500 - GOOOF the pump should be
started and potassium pumped around the loop. Potassium will have

to be fed from the dump tank to the loop to maintain a level in the
head tank. After a period of time at a given pumping speed, the
level in the head tank will stabilize. The temperature of the liquid
potassium should be brought up either by heat transfer from the boiler
or heat input from the secondary IZR heater. A cover gas pressure
should be maintained on the potassium liquid to suppress boiling

during heatup.

At a predetermined temperature of the potassium liquid the cover gas
pressure should be reduced slowly. The lowering of the cover gas pressure
will cause boiling of the potassium. By slowly applying additional heat
and monitoring the head tank level the secondary loop can be brought up to
design temperature, This method of startup of the secondary loop has the
following disadvantages: (1) large temperature changes can occur in the
piping during the time of initial boiling and (2) the simulator may
experience slugging from potassium liquid until sufficient heat is applied

to the boiler to dry out the vapor.
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VIII. SCHEDULE

The Test Facility Schedule is shown in Figure 44. Starting with the
material selection, the total elapsed time required before the test loop can
be filled with liquid metal is 48 months. This schedule allows sufficient
time for preliminary engineering and the solution of all anticipated problems,
except for the basic feasibility study required to determine the outgassing
rates of materials to be used in both the loop and chamber constructioﬁ. As
described in Problem Areas and Development Programs, Section IX, this problem
must be solved and understood before proceeding with the loop and chamber-

design. A more detailed review of the schedule follows.

A. Material Selection

The 48 month time cycle begins with the final selection of the high
temperature, liquid metal lo cp containment material. Based on present data,
FS-85 columbium alloy is recommended. The material selection is necessary at
this point since both the preliminary design work and the development programs

nmust be based on this choice.

B. Development Programs

The work to be performed in the Development Programs is covered in
Problem Areas and Development Programs, Section IX. A supplementary schedule,
Figure 45, shows the interrelationship of these programs. Some of the ques-
tions raised by these programs may be settled before work on the Test Facility

has begun, in which case the work would not be considered part of this effort,
C. Chamber

The overall time schedule for the chamber is 34 months. At this point
it could be checked out clean, dry and empty. This schedule is based on
releasing the engineering and construction work on a phase basis. The partial

packages selected are as follows and as shown in Figure 44.
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2)

3)

4)

¢D)
(2)
3)
(1)
(5)
(6)

5)

D.. Loop

Demolition. Selective removal of equipment and structure to

clear the site for new construction.

Buildings. Includes subgrade work and superstructure, building
foundations, major equipment foundations, cable and pipe trenches,

and building floors (less high-bay mezzanine).

Vacuum Chamber. Includes structural modification to east leg

of Space Power Chamber to provide new support, access, reinforce-
ment, penetrations, inner chamber, and test loop supports.
Removal of present interior coating of chamber and recoating is

also included.

Long Lead Equipment Procurement Package. Includes selected items

of equipment for which procurement specifications can be prepared
early in the final design period. Such equipment involves, in

some cases, substantial detail design on the part of vendors.

Item From time of award, months
Reduction gear (speed increaser) 12
Acyclic generators 12
Helium refrigerators 9
Argon subcoolers 6-9
Ion pumps 9
Gas storage tanks 9

General, Mechanical, Electrical, Piping, Building Completion.

Includes responsibility for all functions not specifically assigned
in the preceding packages, the procurement of material, the
installation and checkout of all components, equipment, systems

controls, instrumentation, and the completion of the buildings.

The Test Loop Schedule is tied closely to the Development Program

Schedule and the Chamber Schedule. (Refer to Figure 44 and 45 respectively.)
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Preliminary Design - 6 months

The preliminary design will cover all of the basic conceptual
design work including the study and analysis necessary for optimi-
zation of the loop and chamber design. Material would be selected
based on results of the outgassing development program. Material
handling techniques would be finalized and integrated with the

chamber design.

Component and Loop Design - 18 months

After completion of the Preliminary Design phase, the detailed
component and loop design would begin. This design phase would
take 18 months with specific long lead procurement items released
ahead of that time as required. A thorough and final loop stress

analysis would be made early in this phase of the schedule.

Material Procurement - 9 months

The 9 month material procurement cycle overlaps considerably with
the Final Design phase of the program but, more importantly, it
bears a direct relationship to the Development Program phase. The
schedule concept presented here calls for processing and manufactur-
ing techniques to be developed during the Development Program phase
of this facility. Materials and Components being procured (to be
included in the loop) will be the second or third part produced
rather than the first part produced with all of the normal, time

requiring, development effort.

Installation, Leak Check and Insulation - 19 months

The installation schedule is based both on the completion of the
fabricated components and the availability of the test chamber.
The techniques required for field welding will have been fully

developed.

Leak checking of the entire loop will be required before the

insulation is applied tc the loop piping and components.
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Check-0ut - 4 months

A check-out period of 4 months is provided before filling the loop
with liquid metal. This point is cited as the completion of the
project even though it is fully realized that a continuing check-out
period will be required. It is a significant point, however, in
that all systems must be operative before filling the loops with

liquid metal.
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IX, PROBLEM AREAS & DEVELOPMENT PROGRAMS

During the course of this study contract several problem areas and
possible problem areas were uncovered. A problem area is defined as an
area that could affect basic feasibility or an area in which a separate
development program should be undertaken to obtain basic design information
prior to or in the early stages of the design of the system. A possible

problem area is defined in this report as an area that:

1. Will require a more detailed analysis that is beyond the scope of this
study.
2, Will affect the economics of the design and/or operation.

3. Will affect the life or endurance capability of the facility.

The solution of possible problem areas should evolve during the course
of the preliminary design of the facility or through separately funded

development programs.

A, Problem Areas Affecting Basic Feasibility

In a high vacuum system, the pumping required is largely a function of
the surface area and type of material within the chamber. The surface area
of the materials of the loops and reflective foil used for insulation
is estimated to be 50,000 sq. feet. If all the surface area were taken as
stainless steel, the pumping speed for condensable gases after 100 hours
per Figure 3 ,at 5 x 10—9 torr, would have to be 14 x 106 liters per second.
If the outgassing rate for stainless steel is extrapolated to an average
temperature of 10000F, which would more nearly approximate the operating
temperature of all the stainless, from Figure 2 , the pumping speed would
have to be 70 x 1010 liters per second. The pumping speed available at
5 x 10—9 torr for condensable gases is 3.3 x 106 liters per second.

Further study is required to optimize the vacuum and cryogenic systems in
conjunction with further refinement of test loop and component outgassing
characteristics. Beyond some optimum point, the cost of pumping increases
sharply and, in the case of the Space Power Chamber, the feasibility of
adding pumps to the structure becomes questionable. There are two require-

ments that have conflicting solutions and continued study is needed to reach
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a satisfactory compromise. First, a particular environment must be developed.
This requires free circulation to permit pumping of outgassed materials.
Second, the loop must be adequately insulated so that temperature losses will

not develop to degrade loop performance.

The particular environment required is a function of the chamber pumping
capacity. The insulation of the liquid metal loops and components affects
not only heat loss but also loop outgassing, chamber pumping capacity and
environment. To reduce the heat loss from the liquid metal loops within the
vacuum chamber, the pipes will be wrapped with a reflective foil, as many

as 20 layers on some of the pipe that operates at high temperature.

A possible solution might be the use of columbium foil as insulation.
Current literature and experience show that hot columbium will pump certain
gases (02, N5 and CO5) that are pump speed limited by the present cyro
pumping system. The columbium foil on the outer surfaces may not run at
a temperature high enough to pump the marginal gases. These outer layers
of insulation may have to be canned to prevent contamination of the loop

from their outgassing products.

A canned foil insulation may present additional problems. For the
canning to be effective, as far as outgassing is concerned, the cans must
be made leak tight. The forming, welding and leak testing of the canned
insulation will be expensive. For the canning to be effective, as far as
vacuum insulation is concerned, the vacuum in the cans must remain high.
If the can is not evacuated and sealed in the hot condition, outgassing of
the foil within the can may reduce insulating effectiveness when the can

temperature is raised during loop operation.

In summary, before a final design of this facility can be initiated,

the problems of material outgassing must be resolved.

B. Possible Problem Areas Affecting Cost, Facility Life or Endurance Testing

1. Material Handling - A possible problem area is the ability to install,

service, and remove components of the various loops in and from the chamber.
The handling of the components in and out of the chamber will be difficult

due to the fact that (1) the working volume for the loops has been dictated
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by the volume in the chamber remaining after all cryopanels are installed,
(2) flexibility must be provided in the piping to reduce stresses and
reactions,and (3) large components of workhorse variety are required
initially. To minimize downtime during change-over of components, certain

compromises will have to be made in the chamber and loop design and exten-

sive tooling and material handling equipment will be required. The chamber

modification and loop layout should proceed hand in hand to minimize the
material handling problem. A scale model of the chamber and loop should

be constructed to study material handling problems.

2. Valves - Valves are a possible problem area. Stainless steel
valves operating in liquid metal loops at 15000 - 1600°F are a reality
but their life is short and mortality rate high. A columbium alloy valve
operating at the same temperature, or higher, and in a vacuum atmosphere
may incur more problems than its stainless steel counterpart. Problem

areas that should be studied are:

a) Seizing due to self welding or high friction.

b) Erosion due to liquid metal flow over the seat and plug.

c) Bellows failure due to pressure and cycling.

d) Leaking due to thermal distortion and wear.

e) Actuation and control due to the high vacuum environment of

the valve.

The development of liquid metal columbium alloy valves will probably have
to be a joint venture between a competent valve manufacturer and someone
familiar with liquid metals, columbium fabrication and welding , and the
friction characteristics of materials in a liquid metal enviromment. The
final valve selection should be made only after extensive testing under

actual operating conditions.

3. Altitude Wind Tunnel Structure - The structural modification and

conversion of the Altitude Wind Tunnel requires further study. The tunnel

is presently in use as a vacuum chamber for Centaur and its feasibility

for that purpose is established. For the proposed use, however, additional
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supports are required for the new loads imposed by ion pumps, the inner
chamber, and test loops. The following should be considered in greater
detail:

a) Reinforcement of existing structure to accommodate new
penetrations required for ion pumps, access door, electrical
feedthroughs, etc.

b) Relative thermal expansion resulting from weather and cryogenic
systems and from test loop heat between the inner and outer
chambers and between the outer chamber and fixed installations.

c) Coatings for the interior surface of the tunnel or outer
chamber to provide rust protection, reflectivity and low
outgassing.

d) Support and mounting of the test loop, loop components, and
dump tanks in the inner chamber, giving consideration to the
problem of thermal expansion, the location and arrangement of

piping and other auxiliary systems.

4. High Current Bus Connectors - High-current bus connectors and

feedthroughs require additional study. Arrangements must be considered
for providing structural supports to the lithium and potassium heaters to
avoid loading the soft copper conductors. Supports must also be provided
to the bus external to the chamber and relative movement of inner and

outer chambers must be considered. Electromagnetic forces must also be

considered.
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5. Status of Refractory Alloys - The preliminary design study was

conducted with F S-85 alloy as the typical material. Although documenta-
tion of the metallurgical characteristics and design data are rather
limited for this alloy, experimental programs are underway to obtain much
of the information which will eventually be needed to conduct a detailed
facility design. Fabrication of the materials to construct the 15 MW
facility will- require a scale-up program to produce the basic mill products
and to join large sections. The fabrication and installation of the com-
ponents of the 15 MW facility will require large vacuum annealing furnaces

and fixed position welding techniques.

Development programs to assure the capability of producing the basic
mill products would require about one year, and joining programs to establish
procedures, inspection techniques, and specifications would be conducted
concurrently and end about six months later. The investment in new capital
equipment on the part of industry should not exceed about one and one-half
million dollars, and this could be considerably less, depending upon the
alloy selection, final facility design, and time at which the program is
begun. The major expenditure would be required for larger vacuum annealing
furnaces, with increased melting capacity and special welding facilities
requiring much smaller expenditures. On the average, columbium alloy costs
would be less than $50 per pound and tantalum costs less than $100 per pound.
The materials procurement could be completed in about two years after

beginning the scale-up development programs.

The scale-up development program should begin with a study of the
effects of heat treatment on the phase morphology of the alloy. The extent
of this study would depend upon the complexity of the alloy selected and the
knowledge of its behavior at the time the program is initiated. In general,
it has been assumed that considerable documentation of the selected alloy,
its mechanical properties, weldability, thermal stability, and behavior in
alkali metals, will be obtained from existing programs and such basic work
will not be required as a specific part of 15 MW facility program. Scale-up
should include melting, extrusion, forging, rolling, bending, and tube

reducing optimization studies.
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The joining seale-up program should include studies of thick section
welding, joining tubes to headers, fixed position pipe welding in the field,
and inspection procedures. It is assumed that the refractory alloy will
require a post-weld heat treatment, and procedures for annealing 6.25-inch
diameter piping in the field should be established. Diffusion bonding
should be investigated as the method of joining the 6.25-inch diameter
containment piping to the 9 and 15-inch diameter electrodes. 1In order to
make the bimetallic loop transition joints, present methods of Jjoining
Cb-1Zr tubing to stainless steel tubing should be extended to include the

stronger refractory alloys in sizes up to 6.25 inches in diameter.

As a final part of the scale-up program, specifications should be

prepared for the procurement of materials and for the fabrication procedures.

Examples of such specifications, which are used at General Electric for the

procurement of the FS5-85 alloy and the welding of columbium alloys, are

included in the Appendix.

6. Stainless Steel~-Bimetallic Loops - Present plans are to use NakK

filled, Type 316 L SS loops to remove heat from the 15 MW facility. This
results in bimetallic loops. which present materials problems that will
require detailed consideration in the final design. Interstitial elements
will transfer from Type 316 L SS to the refractory alloy, resulting in
contamination levels easily in excess of 1,000 ppm. The refragtory alloy
ductility will be decreased, and the ability to make welds for repairs and
modifications may be greatly reduced. Control of the alkali metal purity
becomes particularly difficult and critical. Operation at low temperatures,
below the point where the refractory alloy can serve as an effective getter
and purify the NaK, could lead to extensive mass transfer of the refractory
alloy as a result of the presence of impurities such as oxygen in the Nak.
In order to make the bimetallic loop transition joints, present methods of

Jjoining Cb-1Zr tubing to stainless steel tubing should be extended to

include the stronger refractory alloys in sizes up to 6.23 inches in diameter.

The ability of these joints to absorb pipe loads and moments should be

investigated.
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7. Decontamination -~ It is anticipated that the possible leakage

of alkali metals and the need to decontaminate the vacuum chamber and
loop hardware may require new procedures in addition to mechanical removal,
distillation, and chemical leeching, with the usual concern to avoid the
hydrogen embrittlement of refractory alloys. 1In particular, the wide
distribution of even small amounts of alkali metal over the cryogenically
cooled vacuum chamber walls could be troublesome because of the large

sur face area involved. The current practice with smaller test facilities
is to use bakeable vacuum chambers with water cooling coils, which
usually makes cleaning easy after small potassium leaks because the
potassium accumulates along the cooling coils. However, for cryogenically
pumped systems which cannot be baked, it would be desirable to convert the
alkali metal to more easily handled compounds by controlled gaseous
reactions. For example, conversion of the alkali metal to its carbonate
by the controlled addition of water vapor and carbon dioxide should be
considered. It is recommended that the kinetics of such reactions be
examined experimentally in order to develop additional decontamination

procedures specifically for the 15 MW facility.

8. Leak Detection - A problem area that will require additional study

is the detection of liquid metal leaks in the piping or components within
the vacuum chamber. Large liquid metal leaks can be detected by:
a) A loss of pressure within the liquid metal loop or component.
b) A rise in chamber vacuum or chamber heat load.

¢) A lowering of liquid level in the head or surge tanks.
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Small liquid metal leaks may go undetected until they become large leaks

for the following reasons:

a)

b)

c)

d)

e)

The primary and radiator loop have argon gas as a cover

gas to maintain pressure and the secondary loop is a two-

phase loop. Small leaks will not reflect in a significant
pressure change.

The liquid nitrogen and helium cryopanels have large pumping
capacities for liquid metal vapors so that a loss of vacuum

may be undetectable,

Liquid level gages in the head and surge tanks, which have

large surface areas, may not be sensitive enough to detect

level chances associated with small liquid level leaks.

A visual observation of the loops during operation is impractical
because of the limited number of sight ports available. An
added handicap is the fact that there will be no tell-tale smoke
associated with the leak.

A continuous monitoring system for traces of liquid metal in

the pumped gases of the vacuum chamber may not detect the leak.
Since the leaking flow will be molecular and the inside of the
vacuum chamber is lined with cryopanels with a high sticking
factor, the leakage may never find its way to the detector. A
suitable system for detecting small liquid metal leaks in large

vacuum chambers should be developed.
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9. Expansion - A possible problem area could arise due to the high

and changing temperature of the pipes. The expansion associated with

the changing temperature may cause (1) openings to occur in the insu-

lation, (2) pipe reactions and resulting high loads and stresses.

a)

b)

Because the insulation around the pipe runs cooler than

the pipe wall, it is conceivable that gaps may occur in the

insulation. If the hot pipe radiates its heat directly to

the liquid argon cryopanels, the resulting heat load to the

panel may cause the argon to vaporize in the cryopanel and

cause vapor lock.

The thermal expansion of the loop piping and the associated

loads and stresses presents a possible problem that is

complicated by the following:

¢

(2)

3

4

()

The IzR heater feedthroughs are copper and can take

very little mechanical load.

The present vacuum chamber is not capable of absorbing
high loads locally.

Pipes and high current feedthroughs must penetrate the
chamber as high vacuum seals.

The chamber is a double wall comnstruction and the inner
and outer walls do not move in the same direction at the
same time.

Loop expansion and resulting forces and movements change

with changing operating conditions of the cycle.
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10. Pumps and Flowmeters - Pumps: The pumps proposed for this facility,

both inside and outside of the vacuum chamber, are electromagnetic poly-
phase induction pumps. The EM pumps for outside of the vacuum chamber
should present no new problems as pumps of this type have been built and
operated successfully for long periods of time. The EM pumps for inside
of the vacuum chamber (primary and secondary loop pumps) could present
problems. The electromagnetic portioﬁ of the design lends itself well to
calculatiéns and should present no problem. The structural portion of the
design will require additional study because (1) conventional polyphase
motor material is contemplated and therefore will have to be canned for the
vacuum atmosphere, and (2) the present thinking is to have the stator
offer structural support to the pump duct.

A fabrication problem may arise due to the welding of columbium
alloys but this problem is common to the other components of the loops
and must be solved independently of the pump. The thermal design is unique
only from the standpoints that an inert gas is proposed for cooling and
the temperature is high compared to existing technology. Large flow,
medium head, canned pumps operating with water cooling have been built
for the Sea Wolf program and small flow, high head, cooled pumps operating
in a vacuum have been studied (NASA-CR-54019) but high flow, gigh head,
refractory alloy pumps operating in a vacuum at high temperatures have
not been built at this time.

Flowmeters: The possible problem areas associated with the
proposed electromagnetic flowmeters are:

a) Pole face cooling.

b) Pipe to magnet gap.

c) Calibration.
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The magnets used in the proposed flowmeters are permanent magnets whose
pole face should operate below 800°F. 1In order to avoid the cost of
auxiliary cooling of the pole faces it may be possible to insulate between
the hot pipes and the pole faces and take the reduced output signal in-
herent with this design.

The gap between the flow measured pipe and the pole face of the
magnet must remain constant to prevent errors in flow readings. To avoid
a possible reading error the magnet must track the pipe through any
movement due to temperature and loads.

The calibration curves for the proposed flowmeters will be quite
accurate under ideal conditions, but the ¢onditions under which they will
operate in the vacuum chamber will be far from ideal. Changes in pipe,
pole, and lead wire temperature and changes in air gap will cause devia-
tions from the standard calibration curves. It is suggested that a system
be devised which will permit flowmeter calibration at operating temperatures

prior to operating the loops for test data.

11, Sliding Friction - The present thinking on the loop design is

to fix the horizontal boiler in the chamber and allow the simulator and
condensers to slide in a horizontal plane during expansion. Any relative
movement between components and mounting structure, whether it is linear
or rotational, will present a sliding friction problem. The sliding
friction problem is complicated by the difference between breakaway and
sliding frictional values and the self welding tendéncies of material in a

high vacuum,
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Fortunately, the sliding velocities of the friction points are
low and with proper design the unit loading and surface temperature can

be maintained at a low value.

12, Vacuum Pump Back Streaming - It is impossible to eliminate

backstreaming completely; however, it can be reduced to a very low level.
Backstreaming can occur from the mechanical pumps, the Roots-type pumps,
and the diffusion pumps. The backstreaming from any source is pressure
dependent.

In the high pressure of viscous flow region, diffusion gas sweep-
ing occurs and hence contributes very little to the backstreaming. In the
transition region, backstreaming is most significant. For the roughing
system this would occur from about 10 torr to 1072 torr. It is difficult
to trap backstreaming gas in the transition region by mechanical methods
because the mean system dimension is so small that it would limit the
conductance. Therefore, some other technique must be used. Backstreaming
will occur from the diffusion pumps in the 1072 to 1074 torr region and
operation in this pressure region should be limited. Liquid argon cooled,
optically dense baffles will be used to reduce backstreaming in the
molecular region.

The proposed vacuum system with its baffles and traps should have
very low backstreaming. The amount of backstreaming and the effects of this

backstreaming on loop performance can only be obtained by future testing
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programs. It is felt that tests of this nature should be undertaken
by NASA prior to the design of the facility. It is suggested that the
existing roughing and diffusion vacuum pumping systems be tested for
backstreaming either with or without the addition of the ligquid argon
cooled baffle. If the backstreaming is appreciable, steps should be

taken to do further testing with the ion baffle control and other liquid

argon cooled baffles.

13. Thermocouples - The tungsten - 3% rhenium vs. tungsten 26%

rhenium thermocouple system is mechanically defiéient because of brittle=-
ness. The tungsten - rhenium alloy wires unfortunately become brittle

at the junction because of recrystallization from the welding operation.
It has been the experience at General Electric that frequency of failures
is directly related to temperature cycling, particularly when the thermo-
couple junction is made directly to a columbium pipe wall. However, the
number of failures even in the absence of temperature cycling usually
becomes quite high during extended operating periods. The development of
better high temperature thermocouple alloys, amendable for direct attach-

ment to columbium or enclosure in columbium sheathing, should be considered.

C. Development Programs

Any problem area that affects the basic feasibility of the facility
will require a development program. In this case the development program
should provide sufficient information to evaluate the feasibility or non-
feasibility of the proposed design concept and, if feasible, develop the

information into useful forms for design data.
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The possible problem areas, listed under Paragraph B above, fall
into two categories: the first requiring separate development programs—
to obtain useful design information; and the second only requiring more
design effort, which would follow in a preliminary design phase of the
overall facility design. The decision, as to whether or not a possible
problem area will require a development program, is not clear cut. Many

of the possible problem areas may be solved by the continuing development

programs being conducted in industry and at NASA today.

In the course of this study the development programs that were
felt to be the most important from the standpoint of building this facility
in the near future are listed below. The relative timing of the development

programs appears in Figure 45.

1. Material Outgassing - A development program should be undertaken

to establish the following:

a) Outgassing data for columbium foil with temperature and time
as the parameters.

b) Outgassing data for stainless steel at 500°C (932°F) and above
with particular emphasis on time temperature phenomenon and
interstitial element diffusion.

c) The effectiveness of canned insulation as a thermal barrier at
high temperature.

d) Insulation costs with method of manufacture, heat loss,

outgassing and conductance as parameters.
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2. Chamber Preliminary Design - A development program should be

undertaken

a)

b)

c)

d)

e)

£)

g)

h)

to consider in greater detail:

The reigforcement of the existing chamber to accommodate new
'penetrations and loads.

Thermal expansions resulting from weather and cryogenic
systems.

Coating to reduce outgassing for the inside surface of the
outer chamber.

Supports and mounting of the test loop in the chamber and the
resulting loads:

Decontamination of the chamber in the event of a liquid metal
leak.

Leak detection within the chamber.

High current feedthroughs.

Motor drive systems.

3. Status of Refractory Metals - A development program should be

undertaken to do the following:

a)

b)

c)

d)

£)

Assure the capability of producing the basic mill products.
Study the effects of heat treating on the phase morphology
of the alloy.

Assure the capability of rolling, bending, welding and heat
treating the refractory alloy in the sizes and shapes
anticipated for this fécility.

Prepare specificafions for the procurement of materials and
for the fabrication procedures.

Procure materials for trial fabrication.
Determine the tolerable limits of refractory alloy contamination

with respect to welding under constraint.
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4. Valves - A development program should be undertaken to study:
a) Seizing due to self welding or high friction.
b) Erosion due to liquid metal flow over the seat and pPlug.
¢) Bellows failure due to pressure énd cycling,
d) leaking due to thermal distortion and wear,
e) Actuation and control due to the high vacuum environment of

the valve.

5. Diffusion Pump Backstreaming - A development Program should be

undertaken at NASA-lLewis to do the following:

a) Determine backstreaming data on the existing chamber Pumping
system at various vacuum levels and for varying times at
vacuum.

b) Determine the improvements in backstreaming with the addition
of baffles, both liquid argon cooled and ion baffles.

¢) Determine the deleterious effects of backstreamed pump products

on the loop material.

-176-



ILLUSTRATIONS
-177-




.masmmu.nm unnoep sA paadg 3utdung ualoapdy

or1

*T 2an814g

dYNSSHId WNNDVA

g-0T

601

sdwung uoy 193390 ¥ 2933ndg
uoneulquIo’) youy 9¢ -

002
-00%
009
008

foooﬂ

-0021
F00¥% 1

0091

~0081

DAS/SHALIT
(000)
aadddS ONIIWNG

-179-



10 | l T L T 1 T T

b /.
TYPE 304 STAINLESS STEEL l,
NO. 4 MILL FINISH /'

E
10-2 | xtrapolated // _

10-4

10-5

OUTGASSING RATE
TORR LITERS SEC~} cM™2

10-9

10-10 -
10-11 ) 1 ] 1 I ] ] ]
100 200 300 400 500 600 700 800 900 1000 °K
-280 =100 80 260 800 980 1160 1340 °F
Figzure 2, Stainless Steel Outgassing Rate vs Temperature, 24 Hour.

-180~




=

-

107

100

90

80

70

60

50

TIME - HR

40
-181-

\
o]
et
&
®
30
Stainless Steel Outgassing Rate vs Time, 500°K (440°F),

10
Figure 3.

HRS

e o]
|
(=]
—

10-9
10-10

2-ND [-2dS SYHLIT ¥H¥OL
JLVY DNISSVDINO




THROUGHPUT - TORR - LITERS/SEC,

10

LERLBLRR]

T

LI llll]7

10-1

10- 2

Illl | | i Ill S O T

Figure 4.

10-8 10-7
VACUUM PRESSURE - TORR

Pumping Rate vs Vacuum Pressure.

-182-

10-6




10,000 T~ S~

FS-R5 ~ \

/
/
[/ /
/]
/]

2,400 !\10,000 hrl. FS-85

2,000 \_
1,000
4
- o [N =9 (S
0 ) ) o
o [ [=3 o
0 Q S S
- Q I @ <
@ [ N 3] N
| ® ® @ @
@ o w w )
a ] = ) o]
v = = = -
o Q =) = =3
2 =3 S © S
o S o o
=3 =) o =}
® ® ™ ™ |
| i
! : { : ;
42 44 46 48 50 52 54 56

Larson-filler Parameter, P = T (15 + Log t) x 1073

Figure 5. FEstimated Average 1% Creep Strength for Columbium and Tantalum Alloys,

-183-







EXISTING DOME TO REMAIN SEALED

ION PUMPS - TYP. 20 PLACES

INNER SUP “\
GIRDERS \

. N\
NEW INNER SHROUD LIQ-ARGON \
COOLED AND SUSPENDED EROM -

VEW RINGS ON BIISTING CuAMBLR

CRYOPANEL SWELD TYP. 8 PLACES

DENSE GAB HELIUM COOLED CRYOPANELS (1500 uN

| e |

igure 6. Chamber Perspective,

RAILS FOR SUPPOR,
OF TEST ARTICLE

.
\h‘ DOOR WiTh PEROONNEI
ACCESS PORT

144- &



TO VAC.

o

/—V/—,C‘»J{JM CHAIMEF

Lr_\
"UAPOR
{SEPAR.|
i
|
'lSURGE | )
UTANK

6.25 O.D.\

|

~
gnw - DC
I5GO0QAMPS, GEN

L

L

8MW . DC
ISQ000AMPS, GEN..

FILTER]

2I00°F

PRIMARY LOOP

Z200°F.

PRESS. EQUAL-
-1ZiNG LINE

_[HEATER .

! i
|

|
i

|
- i T RBRINE
i I SIMULATOR
! '
,

]

A
1.25 0.D. ——/

.25 Ci. ‘

ERESS, EQUAL:
'!ZM\G LINE

SECONDARY LOOP

6.25 00—

~HEATER

p—
&

AUX.

M 2. SCHED. 40—

-
I COLC ! P =z <
TRAP M':T':R

Figure 7.

~

e T
HY
bc i pc | P
SEN. GEN. ;
. 125 DD
L5 MYY Fil L LINE

TRVPS 7000 AMP

Flow Schematic, 15 MW



TOVAC — -t
1 TO AR:SON
B - ARGON

S . [F\LTER! :
FILTER Ceme ) !
: -5 2T HER 40 > 1
N - }
| _—Z.SCHED.40 il /D
/ ' r.o...T
T .
— S— ! lvAPﬂ J
- ™
6.25 O.0 % 48625 Ob SEFAR: LF|
b MU (I
SRS N A— . |
5 o o N SURGE | ‘
' 7C0 GPA MAX KFI : —‘E'F” | TANK | !
S Do I
L I - 1} SCHED. 40
i ' H =3 .
| PRESSURE
- ¥p L | RADIATOR LOOP | | sz
1 VAN IFLOW | b S | LINE
1 i ! ¢ i
| _-~8250D ' [METER) A ]
e e e
1 - =
e —————— A - L. —-fj — 7 AR === - NaK = i
T s ' ! . T CCOLER = i
s L SN U RSO i AU [
1 1 ! Ti HE ' i
. . G | i q |
CONDENGER , s | —
: H i 40 ——— {245°E
N D
L il b T veErer T T Tl
-~ A A R |
4 a H =
b~ . I S R 1. SCHED. 40
1545 °F | ; 2 J
’ i 3435 ! I FLOW | T N H] SCHED. 40 l ; Ll-_(l)r?lg SAMPLE
HE;: i ,.H., Y METER. | COLD | IPLUG | ! T .
> . e il CTRAP | WND. kbl o
TAUK 164 PSIA s P Loy | LD | 0 Vac
[N J 1 H P ';_ . ;
~ | o ! l l ' VAUV FLOW l
~ 0 I - : ; A M METER | |
! t =
: m ; | FLOW | i | ; AR ; ! LiI_TER!
i Iy J METER | T T J ,
S T e | | 75. s | —
I o : RN : i PSIA EM VpSi B i 3 y/
I L i Pove L 5 i
LE Lor-y JLOOP SAMPLE / 4823 GPM n_x i o S
— L . LINE (2. SCHED.46” L T
. 10 ARGON- 4/D¥ \[/-7— —r-—-—w-’
i i !
b ; — 45TREDAQ[ | —l—
P 1 Fitn . o == | JapoR|
: : i - 2. STHED.40 LiNE = I i :SEPAR.JE
i i . t
bl o APCR | f i3 SCHED 40 . o ‘
| pm B R ‘ 2 “ [ ~—— 2. SCHED. 40
. ! Y A, +i - [N
B | = L :yD ( [l 1 NaK DUMP TANK
I | . o :
p o | ———- J i | e —vr-ul
] ! : : \\\k ;1 B {HOT TRAP
L l P!
1
L | + . TOARGON
R . FILTeR]
SSIUM DUMP TANK | Lj j
1
| [HoT TRA |
e |
TO VAC

Thermal Facility Study

LEGEND
THROTTLE VALVE

HAND VALVE

ON - OFF WALVE

LI

lﬁ: PRESSURE RELIEF VALVE
|Ul LIQUID LEVEL INDICATOR
—  BIMETALLIC JOINT
—— PRIMARY LOOP

——-—- SECONDARY LOCP

—-— RADIATOR LOOP

-185- z



ee— 14.0 FT.

Yy

15 MW Bo

SECTION

Figure 8.

SOOI

NN

N

s

ST

~

N

NN

s 2 WALL

—
\

ANENANN

P
7
p
PCIASOINIM 1

AN

NN

N

S

I
|
/7 v
o / o
N - 7 - e
d N i s
s , LN 7
T2
S
| | o
H ~
4 M
! o
| ¢}
i il
o
A ¥

-186- '




-out

‘ﬁm =325~ ———
LITHIOM 4 |

15 WALL 7

L/

625 0Dx.375 | /
WALL “ /

A / ;
\ EZJODIA. / 1
| |

"TYBICAL TUBE SPACING
... -380 TUBES
10 O x 065 WALL

=secTion B-E

ler (Conceptual).



2.50 0D. TUBING

.10 wALL
Figure 9.

69"

Na K |IN

- .

Fom—

A

RTINS N\ IS

722777
7

i

secTioN B33

POTASSIUM

XAFOR L



R A

POTASS UM
ouT

(7L AN\

sectioN N A

15 MW Turbine Simulator (Conceptual).

R4



104, - ——

IHMITITIT{11 {1 NI NIINNRNNRALNRR RN AR RN N

Figure 10, 15 MW C

-188- '




POTASSIUM IN
_L— s,

6.2% 0.0, x .125 WALL -— A

ANNNNNNNNNANNNN h\\\\\QRYZZAQ\\\W
EBFEBee== = = e

mi

DiA.

e TYPICAL TUBE SPACING.
STii.. B4 TUBES

6.25 O.Dx
| — - L12% WALL

o——6.2% 0D x 126 WALL

hdenser, Bayonet Type (Conceptual),

/962

5%580855®8®®0 o]

@OOJQO
B‘;,‘ & | '
\6}06:‘\. Tty
[ 1 ] ]
i ¥ ' i | 1
1 1 ' ] 1
i [ 1 [ ( 1,
1 [ 1 | t
- ¥ 1 1 r ]
I ] 1 ( t
‘ 1 t 1 | (
- l ) 1 1 1
:I , t 1 '. Ll , 1 ,
B
C}@‘Fdfv




| ELECTRODES

g_,_,.

4 £LECTRODES

& WIND TUNNEL
SOUTH END

END VIEW
HEAT ER ELECTRODE
PENETRATION

19% -






[ FLOWMETER
/ I TURBINE SIMULATOR

—_— i

/ , e —

w—ﬂw """""""""

i
i
i
i

,/' |

—HEAD TANK

il i
L I
Pl I IE—
JE 1 N5 A ) SRS SRR — e
‘ PLAN VIEW
Jedel
o |
| -——N- 1
T [~ <SPACE POWER
S e \Z CHAMBER OUTLINE
—
- o
G5 Feet -
— IMAGINARY
/| ENVELOPE
’ -

[GE = e otttk A

i suraE ‘ :

i ; !

i Tank ~ i —TURBINE SIMULATOR — CONDENSER

i : (E —- - B

e ]”/_7,4,_:,“,_7.17,:” PREPE . 3&)——¢ L—x\
i J BO/LER AD_ L

B Tt Gl { e —_— S

_— 7\.\7,-{,<’, !

" ~-HEATER
— FLECTRODE >
; . \
£MPUMP :
70 N = s <

e W e —— =0 MR e
e
—_— T T T T ) DUMP TANK

FLOWMETER

ELEVATION VIEW ‘
‘ -

Figure 11. Layout Liquid Metal Loop, Inside Vacuum Chamber.




COOLING TUBESS ,/

§ et “4\
D

\ \ ’\:j /
"\ |
“oumpP TANK
EX/STING N :
TUNNEL SHELL ‘
| yd
% -
|
|

— e e——d -

|

secrion N A
; COOLING TUBE
PENETRATION

@ WIND TUNNEL
NORTH END /

END VIEW

26FT LD




' -
’ — | |
e
- : - — i
; H
' |
E - 1 —
H ! :
i |
i B . - T 1
| |
|
! T
H |
i !
Pl i
oo oA
: |
BOILER |
| 1
- "‘ B P
&q° i
i
= \ | ‘
i | ‘
]
| ' POTASS 1M ,r/ i .
! E HEATER i
\ i |
* - .
\‘ ' |
\ - N |
\\ i |
AN i i ) B 1
\L ! FLECTRAPES T i |
i -
| i
I I
:‘ J P fj . o &
" [ LD TRAP !
—
\
AN

\\ NORTH LE6 i

@

<0 TumE ;Ao
a eowSs [ SIDE

11/

Figure 12.

z s

Layout Liquid Met

pES



|
| E£LECTRODES

LITHIUM
HEATER

HOUSE

4
WiND TUNNEL

N N
aove L | — PROPOSED MASONRY
\ ! WALL ARGUND
DUME TANK — / WIND T INNEL

LTI T I Aty
| L GRATING

secrion NN

FOTATEL-20°

{ ~ AT

-191-

YACUUM PUMP

| —
i
i
. i 1
i i
! I
R | ;
8 o - N - — ———
i . - - [
i
{
|
// . zéto” ~
7 £e-nze_ g
SOUTH LEG — 320"
42"
FROPOSE WALL \ N
AROUND WIND TUNNEL
—
/
. fome'Rer e —
SLAN VIEW
; il
-\ - ) . R
o HLOWMETERS— ~ § o
TO FAR ENDOFL l ©
TH DUMP TANK Y 4 N
- AN
. — e T .
£ 958 R ”
ot 1= - .
RADIATOR LPPER 1 a7
DRUM é "
5 N -
22 .
=
RADIATOR FIN TUBES --——‘E
= /
23] i /
% | ‘ WIND TUNNEL
m 1
! i : - o36” SHELL
RADIATOR L0WER 4 il i “oxe )
DLRUM 7\ : \

h I H
|
i

i
i
|
|




LITHIUM FILL LINE:

LITHIUM SAMPLE - .—;_—._é_:q‘i
POTASSIUM FILL LINE (-8, LTHUM SURGE TANK
POTASSIUM SAM| Y t*’ -
LINE S
-— |
N VAC. CHAMBER
- B L g VK. CHAMBER
N “Ksavpie
N .
AN
—_ _+\._... - _,’-_
~———— >V ___________ PR | R R DU
|
TO ARGDN ;’4 '
To mon\ L o !
@"'N& <
1!\ { - :
‘ r i % SOUTH LEG
VACUUM ! ﬁ‘ 4| DooR DnnR
Qt#_ j ®® Lq o ©
NN N
vieEw A—A

-192-/

Figure 13.

<

77777777 7777l

N\

Auxiliary




m
: mm  f m
mmmmmmmmmmmmwmmm
@%@@@%@@M@@@@@@@
: "AWW,M
{43_ ........ "R 454 ............. wa%,,
IR |
T i
ST e
T 7 Ly _ oy &/P
T T T T R —

4 NORTH LEG M

Loop Connections, Outside Vacuum Chamber,




*STMOT-YSYN  [oUUng puty opniryly CPI1 oandtd

.m:a;xm
R At

coert

g uolypiebiijey

W e
B mu“U¥\
A
o

i




-194- ,

&
N
&

ENGINE

B
600

RESEARCH

BUILDING

COOLING

TOWER NO. |

\JK / LEGEND

TEST CHAMBER
[] exsting not gequieso
| BRI
: EX\STING TQ BE DEMOLISHED

VA nsw construction
_NOTES:

AN

REFRI(,ERATION\

BUILDING

Lieuio

FUEL
SHED

. _"‘j’f‘iﬁ_l ICING

—_

TUNNEL

LLIQUID METRL, STORAGE. ASSUMED EXISTING ELSEWHERE.

2. ADDITIONAL GFFICE SPACE, SHOP § MAINTENANCE
FACILITIES ASSUMED TO Be AVAILASLE
IN THE AREA AS NEEDED. N
3 ALL MATELIALS § BQUIPMENT
DELIVERED &y TRUCK.

| 1_ TEST ~
I CHAMBER
!
e l >:~\§:‘h<
— oY

1CING RESEARCH TUNNEL

N

OFFICE ¢ SHOP BUI




STORAG! T

Fiee §1§ATION
/
SN

. TOo BE ADDED FOI
\\BwlT!ONAL SUPRORT

CONTROL RoOM

= EXHAUSTER

ELECT, EQuil Room

4 NEW PIERS\QY/
R

Py

]

|

]

| EXHAUSTER BUILDING
: ADDITION

]

STEAM GENERATING

PL

TUNNEL
.

T

ENERATING
ADDITION

/s
TECHNICAL ‘SERNICE
BUILDNNG
AN
0 & s 2 40 [%1 80" oo’

SCALE: 1" To 20

PARKING

%

o
&
D)

PARKING

5.

Plot Plan,.

19 42




205’

20" % 10' x 20 M

=

EXiSTiNG

STAIRS

TOWETS

55 LINED MELTMIL %
DECOTAMMATION BoOTH PO

1 Garbd -

xomo poot | | !
& e ||

NEW SPRCE. POWER BUILDING (S8E 2% Fiook Puaws

Fok DETAILS)

/36



- ~UP DOOR
/ hL- e D A

I i '/om‘uue OF MEZZANINE
|
! Lo —
l . RENMOVABLE. SECTIONS 7~ EEMOWABLE SECTIONS
- —— — ”__ﬂ CTEEL TUBWAY / % MS cHEQuER @
! ASSEMBLY AREA 7 x [ 7
e —— W 1 b
) g } :
| L Lo b
: i = %o e’
POWER mNﬁLs e
] ¢ eearavion” caun (1 &7%% DEAL B (own
L iy ~ _sTorace J TpicaL ceire Fiom sEcTio
b, l) ' TNSTRUMENT.
SRATE [FLook 0’ %, 3¢ SEE DETAL AIR COMPRESSO®
: A1R_CONDITIONING

7
i

e L

18T FROT MBS
o Aosn |5uvpncn~b H
200 L S !| BRICK UP WINDON

- OPENINGS & FUBE OUT

H - - /bTL STuDs PB wAaLL
- ] _ ' - — R |

5 aRE Taok ~
. WD

DouBLe CLASS A Putg baml
1
1
o

OPERA‘I‘ ING

g U \
g L =

REDUCT!DN

A KEA

CONTROL ROOM &= E,ﬁﬂ_ﬁmgzﬁmf-
43«50 __ :

{
Ex STING AUXILIARIES FOR ZowTkoL OF moToR Dee [

SN T B

—= MLF E15TiNG MOTOR ToNTEAL ROOM

8 S

—} oo ne [ l e ‘1 I J.l | e
t @ 450 &¥m !

, H

1 —_— L

: ACYCLAC
GENERATORS \/‘/\ [Ff'ic"?-’;-r:o':_s

i Snid [
- 5 2L —oFRom A ¢ He
A = o T STeAes TRAS

i

ROLL-UP DOOR
o' X 20 HIGH

b2't — e

NEW  SPACE POWER BuiLDING

16. First Floor Plan,




0

EXISTING

STAIRS

SCRUBBER TOWER

Nak. EAD-‘ IATOR

L

—196—/




33'-0" o ‘\
_‘ ! EI =
1 /
[ |
/ MEZZAN (NE. !
'
FICE AREA
FMAIN /
J L |
—— YN
2 CLALS N .
Fiee DooRS HEAD BRIDGE Cf ke .
— HOGK HT.
E— )
ASSEMBLY
AREA
b —
oK AXISTING
| RALS FoR
WINBows J PRE— ALBEMBLY
g of TRST LooP
oF COMPONENTS —_]
T AMINATION s
BLDG | —22'-0" 1.0 Dook
Vi:l: = To CHAMBER Ia
< ue REMoVED BY CRANE
(7-0" 1.b. Acsss |
R oin\f::— ! DOOR. 1IN CENTER)
S e N VENT. CANOPY HOOD
\ [ FoR CHAMBER DOOR
EXISTING WINDOW OPENINGS
TO BE BRICKED UP
1]
i I
S a i 5
IR ER ERriE s 11 34
== n T v A
iy t iy T AKX, CRANE 'y
1 V TRAVEL
Kl L,
\i: ;
| 0. -
0 -
I
P 20
N o o0 PomPS
h .0 .
N . ]
Wl VaWa)
NV A S WA
_____ 2 NEW SUPFORT
RiNGS FOR |SHaUD -
AND TEST ool | | ’
1. r T
- 3
T3, 4
EXIST ] J
T0 REMA] |
J_|
EXHAUSTER BLDG. MEZZANINE
L,
: n R
X N \>
-
REFERENCE NORTH
CJ——;II s
e ———

SCALE: Yy _TO I

Figure 17. Second Floor Plan. / 7‘ L
-



EL. 819-9" ——

D
3

1

1

[

WTFLEL 759 20"

(13

|
i

GADEL7S3-0" — .

EXISTING EXHAUSTER BUILDING

USED FOR CONTROL & MECHANICAL UTILITIES

.

EXISTING EXMAUSTER BUILDING

L

/77 ./ Figure 18.

I



- N ey
I i I ] {
[ I I i I I T T T
T Y [
- L )i i I I 1
= T 7 i T i T T T T LT %
0 T T T T T
o o o T T i
| ) R —— A R T — ‘
LTI I Bl T A O | Y T
in o O A
A R R | T T e
DRI ’ I
l[ 1 { i { ; L
[ o ‘ D
L 1 L 1 f )
¢ — ——— =
',7'—41..'» e L
| |
NEW SPACE POWER BUILDING { EXISTI®G OFFICE BUILDING POEXISTING SHOP BUILDING J
O RS S toui g PN RPN AT L —
USED FOR RECIEVING ¢ STORAGE
ELE/ATION ON AMES ROAD OF COMPONENTS ¢ EQUIPMENT
VIEW
i SCALE 1/8'x
4 wo0R i - =

toBRCK wALL
-

10 TON
(A BRiDGE CamnE
——

FRANES FOR EXTENSoN |

\

; OF TECT L0OP LuRPl— —
“ Enis i T T
j i i
i ‘ o i
RS [ ' i
| ; a ! i
| onie - | | |
v % ! !
. BB 07 UNDERHUNG CRANE |1 ‘ ﬁ
i i < S
x| I : M x T
QJ f H ENSTING SHOP BUILDING
Sl st DECONTAMINATION BUILDING /)| |
» ' . O — Pt
F ‘ { : N | |
! i At !
| 8! u:*z : Y : . [ 20 § 42’ 50
; ! = T comiodinr : HODCHT - "l Y .
ronad { | s ; i i DECONFAU.KATION | SCALE: Vg TO_ L
| .2"CONC DECK 2N ~ P ; BodgTH ! ! :
TANK e STEEL FRAME 1§ B iy i S :
. ‘ 1 X MEZZANILE AR PIPE DECONTAMINATION N ; !
| o | jooL | BOOTH ! ; |
bl i | - stomc-zt : L_J\ H ' i
H I S S | d d i i ! 91 ; ' l

secton 13°13

SCALE /8" =1-0"

ilding Elevation and Section Through Assembly Area. -197-




TP oF DTack B 819-9

ATeEL STACK 2 o

CEMENT ASDEDTOS
ROOF

77 /
H

crwenTassESTOS — ||| steec
FRNG o B Nl encosues

THEAT
* RETECTION

FeaClt

v Mell. & 789

B, FU. gL.754°9

NEW STed.
(Qk“lklc’

SECTION

-198-

Figure 19. Section Thro




0YR BSon0oeD

ComMPOsS
o DI

ROME G B4 -1077

N\

TiTEN TN BRIDGE

[/ CRANE

1

oM Roos
- Decx

—eL 8\9-9°

;Auw. Brick Fire wall

19°

20

30’

To Maten Lusting
SOFT MAX. g
HOOK M.
¢ —|——am.3C s - —-
— TR R -
| Y[ Nl N ) N7 7 L
— : - : R | — v
Afc &uc“rs‘ i | i5s
: [ D} ’ ==k |
i SUSPEIIDED heooSTiC cau.\mt.’J L steE. o4 |
! | PLASTER BoARD I
B AeGors CONTROL RaoM wALS ' uFo’cm
) o8 :
' ! CooLER BAISED CompPuTer  Fluoor—— . —
1 { ™ S e 755"
RoR @j
cABLEDS
\ .
q

SCALE: b 10 1

hegh Test Chamber and Heat Rejection Facility,

19¢-2




.27 1.0

PPN,

[_‘7___.... P 70! - S
i 16’ | 36’ 18'
g —
; 5/8 L | 11/16 B ’ 3/4 L
; IOE Pumps ™, f \T\\\
' @2.5 ea. \\ : I ! . -
' R R e
. G I
VSR L —T
A Yo
! i . I
; by K U ot - o
: k ' ; : k
SERIRE S 12.5%12.55 7. 5% | 162.5 DOME 8
| L o -
! Lo , i .
i ; : P —
o 6" ) 6" .
i
. . [N { '
B} B} SR B i |
- = = ~ —~ !
i - ~k :\‘\»».;
2Diff.Pumps @3 ea| ’
~o— NEW SUPPORT -
EXG. RING 23 -8" - 20' -8" l 25' -8" EXG. RING
SUPPORT {'_ ! SUPPORT
n y ~
L = C L
Assume tunnel infinitely stiff & all loads transferred to existing & new supports in
prop. to dist. from supports.
LOADS (1000 _1bs) : A B __c_ D TOTAL
1. Exg. Tunnel 35.0 64.9 75.6 44.5 - 220.0
2. Diff Pumps 0.6 17 .4 17.4 0.6 36.0
3. Ion Pumps 8.7 36.9 4.4 0.0 50.0 F
4. Dome 0.0 0.0 146.0 ©16.5 , 162.5
*5. Shroud 30.6 33.4 36.0 ; 38.0 138.0k 1
*6. Test Loop 20.0 30.0 35.0 : 35.0 120.0 l
94.9 182.6 314.4 I 134.6 726.5 !
*Assume the Shroud &| Test Loop alre supported|only at thé 4 chamber JUpport point?.
] i
i i

Figure 20.

-199-

Load Diagram for Space Power Chamber




. TYPICAL 6 FEEDTHROUGHS
PER FLANGE

O RING
(BUTYL RUBBER)

b C > /

fﬁba BT oo

~—

3

"FLARE FITTINGS

WELD
INSULATOR

(THIN STAINLESS
STEEL)

COOLED SHROUD

Figure 21. Gas Feedthrough.

-200-




H

GETTER ION
PUMPING ——

¥

TITANIUM

FILAMENTS

Figure 22.

-201-~

SPUTTER ION
] PUMPING
T

—
l METAL GASKE'I‘

g

NR

- LIQUID ARGON
COOLED

35" DIA. NOM?“\

INNER SHROUD

Ion Pump Mounting.




PYREX

11}
3/4" THICKNESS 1/4" BUTYL RUBBER

/ / 0 RING
N J

CHAMBER

E\\\\

GLASS TO METAL SEAL

CORNING 7052

* KOVAR
LENS

COOLED SHROUD

Figure 23. View Port,

~-202-




AVAILABLE IN STANDARD SIZES UP TO 1" CONDUCTORS
. FROM NATIONAL RESEARCH CORP,

O RING ;y - SYNTHANE
(BUTYL RUBBER) \ § rgg INSULATOR
\ L *
i .,_.“ - T
== CHAMBER
,/”///”/’fﬂﬂ . =
// /L}ly/ " \

AVAILABLE IN STANDARD SIZES
UP TO 1" CONDUCTORS FROM

COOLED SHROUD

Figure 24. Medium Current Feedthrough.

-203-

VARIAN ASSOCIATES OR CERMASEAL



o
2
B Q
An NMML
amp. o H <G
[a W) oo Fom
- (@] HDOwm
543 HeRS
5 ; RE2E
: & Bz
< o <C
=5 338 SRk
FUA SFM
w2 . >
H=-= N v

-204-

S
s

7

Srrza

Thermocouple and Instrumentation Feedthrough.

o

CERAMIC

(TYP)
GLASS

SYNTHETIC

(BUTYL RUBEER)
HELIARC WELD
Figure 25

0 RING SEAL




|
54
4160V-3 - w:vmj

NEW 4160V SWITCH

o A
I

1

EXISTING 48DV, SWITCHGEAR

500 KVA DEMAND

EYISTING VACUUM SYSTEW

—————— e —— e — — —

I g5 HE IR 3| e HK T ———(®)
& L]||)A m Wx AAQ D - _ _ ; L A (S g m S ~
TA| > _ d%.ﬁuuuﬁ,woﬂ inwm. nlJ_ mm _r( B 'm._n..m|_ m M I@. 1@
e £ o — e
B e _j . il o]
= i L4 M "
||_~ m l.\/l'll‘lllm _ I’I.D G, c I'I@ ‘uu_u W
P L = | et
BE——— i | B M | X PRt
v g R = g s
wv ! o 3 MI 3 _m (- ] & _ xallu¢§%
i ‘ nﬁ H ~ | m !%&1"D e _ 4 IydWAd m
{1 ® ba m s l’lfllm wk m%&llﬂ £ _ MHHO X5
m 3¢ L] = el
lﬁl@ O m ml\/ —0 M_ ml?ll'ﬁu iy _ A\W _.Ha
@ - KN N — | s
IRt " ' 1)Jl.lim m~ X7 L] ¢ __IuaMTL —® zmﬁ
: I HR—— v
b _ 3) Sy ; l)Jl 8 HDGF—+———{] te -
: | g —
0w - | —t—0 | %lllm ‘
P S -
11X @ N.o_ahh‘u.._.m T ~ |.§.||I|I|D " uﬂﬂuﬂaﬂhno.w
L..E.II.TI@ FIMGIG WONDVA L
ﬁa.l__.'xa dNOd WANIVA
z dnnd WNNDWA

i
i
|

Figu{
|
|

205/




SWITCHGERE
SGENGRATORS

172,500 KvA nmmoI
§

4160 .
4OV -2 -6C :r.:L:Ybus

EXISTiNG

v
-4 <
r v
. 8
o . % 3
[
Zl 8 2 3
] m < 3
oz a 2
Ll « “ o
-y oLy
a 3
w
m 2 3
A
e 3 2
g 9
m v 9
q4 m o
B3 3
a
I Dm
Q9 ¢ 2
3F30
e
5]
)
c$3al

d L 2.5KvA GETTRE ON PUMP

€

ACROSS THE LINE CiRQUIT BREAKER TYPE CONBINATION
STARTER. W/ASD- 170V TRANSFORMER.

~ INDUCTION MOTOR - NO \WWDICATTES WP

~ LIGHTING PANEL
- CIRCUIT

&
®
0

EVISTING MOTOR FOR PRiMARY HEATE

—_——

TOO0 KNA DEMAND

l%)le*lwm
-
1A¢)$llflwm

_

T.meiﬁa

SPARK:- IGNITED

2000 K. vA,
8 PF

e

Py

NATURAL GAS
ENGING

H
[
b4
u
z
3 o
g 2
¢}
T ¢
00 w
r vz ¥
Q 0 w &
3 3 M ?
49 o 2 1
v o g4 |
7 3
88 o 3 ra
z % 4« M3
Wm o mu
3¢ o 4
Z o a 0 _
s PR
O OO -8
Ny

10004 - 480V -3¢ BUS
2oo
771

MBC. LOOP POWER.

MWNwL dnng
UALYEH

- ﬂu1..||r||||@ wiend
i Yelviavi

dnwd
I.I. AnvaANODIC

dwnd
Tl')
MM A m v AU g

-t
|
|
|

‘$A5 WA oL WNQe
ANFDYINT

1

DUILDING FACILITIES M.CC.

-t

INvED LOI

ANVAD LO

Nyd ANIA DNQNOR
NOILYNIWVLNOD3Q

205- 2,

One Line Diagram,

re 26.

H
(5] v DN 100D
]._ WT.II.A H ) N8 WaLY3H
s ﬁx m M&«ozo&m
31 @ 5 AT
21 () AdvWiN
; RN
SH NT.I.'II@ NVi LN 300 IDMG!II‘@ dINNd 110
w WAMC DVES 39M XNy
2 ~ 1_ .“ $$3AWOD uu
_ I.}Jﬂ B | LIND Diias J@I’i||@ u%:ﬂu&«
Ak f—
o NYs
‘ ~ TaNvy l@.‘!l\l mv A3QVNAE
48 oo FE-0ep 74 3838dWOD
Els Iﬁg\llli@ %.m w..\mmhu@m
W3,
SOVUIDIA ) u..awumxmm
—— 17 10AINCD
A : DNINBY C21fg02 E —— Hvzwwym s
, 1INWY NY
— LR (Quiannata
L <% WLYIH LN V Yy bty
)
Wi
_ S e O
e _ TANWY )
T SuaLwat IrdWOd 312
..8::«.»::@ DN I@l | o dz«&}ﬁ»wmm
< HIX-——————(2)
8|
—t e duing e
d HIX i‘
u_ m — € _ _ WRIRN
L}
218 Y | et 8




MUKE - P
WATER

____________________ -t
r
!
\ams t
I
I
|
|
I
|
CP |
1
TN A
I
H
Ly
DeconTmmaTION [ T T [T T T T L
# ROOM §'é :
| }
Ly 1
¥ |
¥ !
- L '
Mol

|
|
|
1
l _______
N
1 «
8
b B3
il
I R || MIXING ik
ll /| CHAMBER
@ ! ; /| 500 HP BLOWER
Fvawe; VALY
— Sy DT sqmpn
AEROTEC N o
400 F-8 ]} e AR
O ldrlau 0
i START- UP
2N STAGE EXCHANGER
......... - A —
|
40,000 ceu O—F1) I 70 CONDENS/
~ Wi D@
1ST STAGE ! L VALVE 4
04w W ih
A 7T
VALYE & 'iL____ —
=T .
R U
70 | Is7acK
f r """""
nl reSIONAL IO cur
| | toop inPur PoOS
| Fiow rare ro 4.
. ! BE HANDLED B8
r_ ..... eéﬂﬂiyru@
i 1
' L |
)
I 3 Nax FiRE -
\ SENSOR !
A
I ool oaer FLOW RATE.
FAN FOR NORMA
— . — _L_..—_._—.—_—_
50,000 GALION
COOLER PIT
————BUILDING DECONTAMINATION SYSTEM HEAT RETECT

~206~ ,

Figure 27.



3
g
]
:

SPACE POWER
CHAMBER

S ——

- T AN .
JOVLS ;57 _ ! N m
_ 5 -
%@ . w,
S o
. — IOVIS pul ¢ N A !
: < ,
i FOVLS p€ w < Ed
IM g g _ _ £ b Sy
@: T YISNIGNOJ N [
®— D181 FHOIVE § >
) N ]
| ” | % N\
! ToVIT oF 3 _ g |
EH® : _ ¥ 2N
YISNFANIO } 3 9
UYLINOAVE _ N >
v (3 )
@~ mu _ H N
> i O a
@ FuIHISOWIV L g S
X O3 o
H 3
— o
4 - -
Q &
| B 5 | &
X 581 (8 & 537 SIHIIWOTVE
3 WS X ,.m
S
) HIHHWMIMMuulI:I.M.I;HHHHHIIHlIxH||.||I|H.|.|||| llllllllllll -1
3} 1l _ n i . °
s M _“ v JOSY Wy wSsex T m
S —p————— s _
w_n il i aR | o
® T e S S _ _ S
' 33
' yAvs JHAT SO . L “ a
| 1 YITWVHD ¥ei e I p
i /! 7 TN QL Zxl « = | 1 i ﬁ
i _ 333 Y i _ b N m
o | A I e e B A : :
| | " m g mm S ] [ X | w M x o
_ Sp32 . e Lo ! 8 9 L
| H F¥esz 3 Pl «8e 1 3% IN o
i S5 x|z O T T - S v 0
| __ 9 2 gxx, ! g
_ | 3 : 2 Pl rgEs P ° 9 § ) 13
— ! ! emma —————— e x ] | L .m.m mN._ m.._”_nh.ublu. m s m ] k




PROPOSED NEW
ACCESS DOOR

-
Al

PROPOSED NEW

COMBINATION 36 IMCH

SPYTTER X GETTER tow AUMPS

TYP 26 Pice,

/4
PONRS

N\ ;

3'x80' - 8 Ma

PROPOSED HELIUM CR! )’Dﬂﬂéié

. I T
o-q.uq Seas - : ; ;
FRON  We »l»? \ I ;i
— N Y
REFRIGERATOR i < S, RS ’
oo 14 o5 8 i 3
—o>——h 33 O ORoOW
= dU
w =
1 -
ok STOKES @,_‘ . . :
\ {0 JON | 1 3
Mecn |Z;"£I L 1 L it
W‘:\P‘C:- O DiFFusion Pumes
20 ROOTS SASE g
E@ NCUUM BOOSTER A s tc . =0, 000
]
9@-# STORES
PP
EXISTING VACUUM SYSTEM
Figure 28. Cham

207



- FXISTING SPACE POWER

CHAMBER # DOME 4CCESS
/ /

— b WELD DSEA
F—

PROPOSED NEW ARGON
COOLED SHROUD
8 ZONES

OVER PRESSURE
SAFETY VALVE

L 1GHD ARGON (OOLED
35 PAEL COL SHROUD
/ 8 206ES /1T POEPENBENT

Ry

g g

3

S ,4§
SRR
2V kY g
Iy
§Vy 3

1L ARGON RETURN WEADER
/

LARGON CONED
10N PP SKIRT

L ARSON COOLED He CRIOMAEL
SMELD N 3 ZONES TYPCAL 8 ALACES

FLAD VALVE 7O PREVENT
WNER CARMBER
OHER PPESSURE

FROS LD ARGON

<

SupcooLER

8" P WMCLUM HEADER

SECTION AA

r Vacuum and Cryopanel System - Flow Diagram,

-207- 2




PRESSURE - TORR

103

102

10l

100

10-2

10-3

DIFFUSION PUMP WARM
UP PERIOD

Figure 29,

2 3 4
TIME - HOURS

Outer Chamber System Performance.

-208-




*9oUBWIOJIDJ WAISAg JdqUWEYD I23INQ 'of oan3ITyg
HHOL = MINSSHUd
cOT ~o~ ﬂoﬁ 00T 1-0I 7-01 ¢-0T p-0T G-0T g-0T
o0l
\- 10T
\ Noa
—t i — — I.IL
- ATAIVE °NT HLIM
/] 00005 - DWJ - VE 01
\\ dHAIMOTH SLOOY
/7 SDY $UX0T -~ VA T
$0T
SdNWNd TVIOINVHDAN
H216 SIY0OILS - VI 2
mom
q0T

(DES/SYILIT 2L%°0 = WAD 1) WID §I0L — LNdHONCYIL

-209~



-5
1077 F [ ] ‘ |
B ASSUMING 50% CONDENSABLE &
| 50% NONCONDENSABLE DISTRIBUTION

10" ]
" n
™
@)
£ T =
5] C
~ [
=) [
92]
n =
o I DESIGN
A OBJECTIVE
j PRESSURE
= 10-8 'LEVEL
o4 C
< N
A -
N p—
O
(:] =
z

1009 F =

10-10 = —

10-11 il 4 hlllll || lu|111 i 1 Llllll |

100 1,000 10,000 100,000
PRESSURE VS TEST ARTICLE AREA - SQ FT

Figure 31. Condensable Partial Pressure vs Test Article Area.

-210-




l 103 T T T
l 104 _
l 10 —
)
=) ) VISCOUS i
(@]
=r®
] .
Eid
mnH
. e 1071 -
Ed
e, o
lole]
¥
=
l oW
M=
nH
2o 0-2t MOLECULAR
85
Hy
1 -
=
g
. 1073
10-%
l 10-° I 1 I 1
10-4 1073 1072 10-} 1 10 104 103
' PRESSURE (TORR)
. Figure 32. Regimes of Flow for Control of Backstreaming.
. -211-




LOG OIL BACKSTREAMING RATE

MOLECULAR

Figure 33. Characteristic Curve of Backstreaming Rate Through Baffle
Illustrating Peaking at a Particular Pressure, ’

LOG PRESSURE

~212-

VISCOUS FLOW




m
0
r 9 . >
= <
¥ S H Ik .
> T Q 0
o) o)
| S O
,,w e,
Jil &)
_Jr(‘a’f/’%V“’v,”/’y’,’AII/// M
I :
\ &
N o
N [2a]
\ 5
O_Q 0 0O = &
= ] b
| < !
| B ™
i w m
Z, &
= =

_,V///

L L LT T X
A S SR S S 4

2

o TR SR N, S, i S 00 NN 0 S . U e, GO0, ~RS0R, .St . . ~ite, ~gU. "G, .




Figure 35.
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iFigure 36. Liquid Argon Cooling System Flow Diagram.




PRESSURE PSIA

150

140

130

120

110

100

90

80

70

60

50

40

30

20

10

REFERENCES

**1, V,J. Johnson, General Editor, "A
Compendium of the Properties of
Materials at Low Temperature
(Phase 1)"", WADD Tech. Report
60-56, Oct. 1960,

#k2, M,W. Kellog Company

1 1 I 1

ala
215 .
o} Yo! ala
i = B
3 >13 T
e 5
e O
£ & .
z =
1 Atmosphe re ]
1 | 1 A 1 1
60 70 80 90 100 110 120
=351 -333 =315 =297 =279 -261 =243
TEMPERATURE
Figure 37. Nitrogen and Argon Phase Diagram.

~216-

°K
°F




| KW HELWM REFRIGE

r)




I KW HELIUM REFRIGERATOR T KW HELIUM REFRIGERATOF

Vi ®___o®

L) Secron [0 " oiscrarGE 2 STAGE :@ socTion /.
S

Voo

b 1 B -
@ HEAT ExcmanGen - EAT EXCHANGER.
" i — - .
1
l | P

<
| gl HR 2
@ o _% Pur.sier X
o ! » [

f
.. O® Sadi Q:}] ‘ )

L 87 VACUIM WBUATED ~. e

X a-e s

T I Tt T T T T

o e S S S N

|

gure 38. Helium System Flow Diagram. -212



STACK EXIT

AIR TO 6.
SCRUBBER i
2 NAK-TO-AIR
HEAT

EXCHANGER

W

STEAM ]

——
= e
STEAM-TO-AIR =a—

AIR STARTUP

HEAT EXCHANGER o
1245°F
. — NAK
200°F
AIR FROM ¢
ATMOSPHERE

Figure 39. Heat Rejection System Flow Diagram,

1 92#/sec Air Flow

500 hp

-218-




VAPORIZER

LIQUID ARGON

VENT FROM
Sr8STEMm

!

~/2-)

L e R



_[—CHAMBEE wAaLL

r 0 1

i

l

|

_ 11

*HbB
-

e VALVE OPERATION
éi @ -t {_j\""",,,’:‘:ps“s”ws,ssc
!
T e Re B
COOLING Y
== e - S
near RN ‘ CHAMBER WALL
bl - s S v
D
| 3|

PUMP COOLING

——E—: CHAMEBER REPRESSURIZATION

. %@ _ cowrops
- ¥ X X
["{’L—& s%“‘*’g*—] §¥ 2
HIEHEEIR I
N s 12 5
| ® ® s | e e
L _

1
KCAMMBER - WALL

Figure 40. Gaseous Argon System Flow Diagram. , -219- 2



1#& ™ /
26V
—_—— / - - -
1 ‘HEA‘\’EE (wscunu?c‘nou
—&-
o
2
H Hl | =
. T
o N '
¢ _JL_ y & l
(2) thoMw AveL: r—'< o e
QANGRATTORS N i : |
™ i i w ;
H : T i~
] g YD Tonne DV RN v
= T a{ CENEERTDRS |
¥
J
ch-u.t BOX g
1
]
MOTOR
— T - - B T \)
prr
\\\» ",
FEED TWROUGH ‘ ——
FoR BOWER. PREHEAT ] (SR TR | N
I Zz - - WIND  TUNNEL | S e
R et T __—4" - 1
1 - . F—
\ ’ ==
\ | /
3 \ /
3 \ / / d
'S N ,
Q
s / s
% inr
e 2o §'1e* coPPER — e
1 8ARS (TP r0R 4) P
] e
' ..r/
5 -
o /
N
SUPPORT RING
2 %800 KW
ACvrCLIC
—E—G;»&no!s
3600 RPM
SPACE POWER BUILDING-
FINISHED FLOOR EL.7155.00
—
GRADE EL.154 00' —-—— -
-220-

Figure 41.




BEFERENCE NORTH

T ‘ T

T
L.T
| EYISTING WALL TO
| ]/(se REMOVED
i
= A
[
oty EXISTING  MOTOR. A
et i 19750 HP O 40 RPM
! . ] . Reocaten Feom ] -—J
| 0y ] — -
I — CENTERLINE OF CHAMBER]  |—
| | TO FIRST FLDOR
B N
. L
i
' by
= 1 |

_INTER PACE

(' OUTLET

LIQUID ARGON
INLET
OUTSIDE END

BUS COOLING DETAIL

NOT TO SCALE

EL—AN~ OUTER STIFFENER
NNER l CHAMBER, RiNG
CHAMBER, ! WALL
WALL T
REFRACTORY_METAL COPPER i ] “{_
I\ DN /7 i Ry ‘
A y '/ K < 2 TS 4 2 2P 7
NN L L 0 P 7 . T lquin
AN 7 ' G747 ARGON
’ SNNN 3 LIS
BRAZE |
(18 19
©5-35C A 1 HRNSUANTOR %)
i T T
! '[ —
: !
FEED THROUGH FOR 07 RING DEAL I l ' o
RIMARY LOOP HEAJER 2|
BUS FEEDTHROUGH DETAIL TR |-l
NOT TQ SCALE 1 [
e e
| "a
Al
20 %"x10° COPPER BaARS 20 %'»10" corrur
(TYP. For 4) BAR (Ty» so® ‘)L‘ |
] NEW CONCRETE FLOOR TOCARRY 6oy - cov A
/AUXILIM’{ UNITS RELOCATED FROM R FLOOR| N MEZIANIN" / /
S Q — — — ~ ! ) EL. 768,00
GEAR
e[ — | exiTea MoTor
- gt _ILJ}___ —] 197180 WP @ 4SORPM —
ceeast (RE\OCATED WMERE)
("1 M;J!ﬂlﬁ. B\g;;ﬁ NG
j‘ pm— 4 14T FLOOR. EL.T55.00'

EXISTING FOUNDATION FOR
MOTOR. TO REMAIN

EL.741.00'

T\<E‘( INTO EX\STING
FOUNDATION.

A j | s’

scALE %" _To

10" 15 20°

Electrical Plan and Sections, Heater Power Supply.

220-2




suwoqsAg SulTpusy ®83BQ UOTFjBIUSUNIISUT °ZP 2an3td

umyﬂﬂaul‘xx |

¥ RAS] s romet \ —

|
|
|
IS
i oL DOIVNY
_
t
|
|
_

SNANYG MOVE N¥HL 37815504
NOILALILGANS WO 'BNIHDIVE A8 ATNO 3IAVN NOLLDONNC *

AR L IN * e ey /7
vivQ oL <l HWINNVOS HBOIVHINID -
2 Z1a1iN3Q)
) fsamnvas w \
e 0¥ Wiva
EUDMQOUUK .»\.. Aviimia
EIZA A i /_l.i‘l - ,,rywﬂulj
SILINBVA HWOLVHINID
LT * 330D~ ANWIL i
oQ —
e $3403¢0TI50% N
noNOd . 24 - £23Q2023Y ™
W219IC) 33Vt < ; >a LMYHD dINLS |
| »advd |
Euz/& Wove
WILININE S | Tl
VDI IANNN T (DOTIYNY)
| _3avl ¥3dvd 213.1NdNOD -
3740348 24
D14103d5S (" 7 r
MM wavy
L } WOLINOW
4 r \gtf 311404d
_ ﬁ °C | zanivaadnwa
|
e L320507D L
({ T IOVINGD WAV B
W 0LV >IN} SLHDI ONINSVY.
r AN 13aNvVd Ol

wv $V SUAANAWY

SO¥EVOE NOWINAT _

B 1l
- - _J
(5Q) SindN1 Z3IDNASNYAL




|

|
. !

to VAC _E}__i_—_—i——— to ARGON }
VAPOR L

- . SeHl !

/t ScHep 40 /-VACUUM CHAMBER ‘

T

A ‘

1

suneE ‘

TANK ("“—“‘*{l

250D~ 2

\ O * L e T e

> 4 [2 A
HALL :rn:f‘rﬂ“ 2 L s :

CURRENT¢WA ? TURBINE T
TRANS DUCERKZ REQD) s @ ‘_49_ - 2
] sanator [
OF EACH) PS\MARV LOOPD 'Zé,“ -y «2s0D 'on @4 e, |

- E‘ ?
. 2050 F 117 LBS/SEC
X 2200°F S g [ zosd T AB3/56C

: s € .
)
b ' X ' :
| JINENTIR Y 1 .
Mw ' i 1
15Q 000 AMPS i X !
- ' ! 250D
' ]
2100°F 1 |
\ i
® HC/N o |
K* B l
§ 1
©x
2600 GPM
| X — N
VAPOR n l
To A | /— 2. ScHED 40 \——(;Jd-—ﬂ-—-
] 230D —~| —
‘]L b 4 1 @an J
Y
LITHIUM DUMP TANK \
----1
- —E {‘ 1
ALTER] 7 I
POTA
[
|
TO VAC !
T O j +
p. H B .B..@ k—i{
EM 2 (HED 40 —w] L e
PP g X ———_—ﬂ !
coLD —@—~ _@____ L2500
TRA® . ‘ﬁELOD FiLL LINE
“n LINE M LoAD
YoLTAGE HALL EFFECT CURRENT®
‘L%Eoip 4+ E;é;:ge _ WATTAGE TRANSDUCER S
SAMPLE ! - (2 REQ'D OF EACHY
LINE -
LS MW 1.9 ww
57,000 AMPS 51,000 AMPS
Figure 43. Flow and Lo«

-222- ,




~0.25 OD

TOVAC— - —— -
'

FILTER|

2.5CHED 40

8.62500

——

PSIA
A

8

t
|
1
I
'
|
|
|
|
|
i
|
'
|
)

Vi T

SSIYM DUMP TANK,

|

LINE

“lseear

'S [EM Flow !
METER

~4LOOP SAMALE

- ! TO ARGON

NWTER )

4. SCHED 40 ——e

.

SURGE
TANK
! I i
| 1395°F -— %-Ht SCHED 40
PRES SURE
RADIATOR EQUALIZING
LOOP LINE
I
AR NaK
N — COOLER |
1 ~
i 4, D4 ‘E
4.5CHED 40 \_[EnRow
" meTer T
,H_ | Lo K
%4 . SCHED 40
€M fow . S(HD 40 A- LOOP sAMPLE
METER coLD PLUG .
| TRAP IND. '__Q;_.A\J |
1 ! ! ! i
TNAT M row
- - 1
' 75 2s - -
| _ _|Psia PSIA - [ )
'
Q10 G A
4825—GPM 3 X !
12 SCHEDAO i ]

2 SCHED 40
|| vaPor [

TTT T~

TGO YAC,

b Instrumentation Schematic,

10 ARGON

FiLt
LINE

4, SCHED 40
== 1
I »
B | % SCHED 40-—1 . (P
K ¥

! Nak DTMP TANK,

VAPOR
SEPAR

T
lr-— 2. SCHED 40

i
TO ARGQON

222 -2

T

1] 100 op R

LEGEND
THROTTLE VALVE
HAND VALVE
PRESSURE RELIEF VALVE
ON - OFF VALVE
AMMETER

VOLY METER
WAYT METER
Bl-METALLIC JOINT

PRIMARY Looe®
SECONDARY LOOP

RADIATOR LOOP

LIQUID LEVEL TRANSDUCER

PRESSURE TRANSDUCER

DIFFERENTIAL PRESS. TRANSDUCER

THERMOCOUPLE - |MMERSION
THERMOCOUPLE - DIFF, IMME

----.-a




— YEAR ] 1

ELAPSED TIME, MONTHS iT2Is3]41s]e 1718 ]shoji1]12J13}114

1. Material Selection #

2. Development Progreams

3. Chamber

Preliminary Design

Overall Final Design
Demolition
Building Construction pgtA | B

Vacuum Chambers

Equipment Procurement {Long Load)

Mach. . Elect.. and Bidg. Completion

¥, Loop

Preliminary Design

Component and Loop Design
Material Procurement

Installation

Leak Check
Insulate Loop and Components

5. Checkout

Figure 44, Test

|

i

|

|

|

|

’

i

|

|

i

i

i

|

'

i

| 2237/
|




A Bid Pack

-8 AAwaré of Contract
4 j |

M16117118119]1201211223123124]12512613726129]30]131]132]33/34[35]36]37]38]39]40]41[42]43]44]as5[ec]e7 ]2

Py
L ]

5 oy
--ﬁ
Al W
k - oy Chamber Available
oA | ble Sr~1" Cisarn, dry and emoty

=L
Liquid metal fill

Facility Schedule,

~-223-




-224-

II.

Basic Feasibility Programs

A,

Material Outgassing

Problem Areas Requiring Development

A,

Chamber Preliminary Design

Space Power Chamber Structural Analysis
High Current Bus Connection

Motor Drive System

Decontamination

leak Detection

G W -

Material Handling
Status of Refractory Metals

Phase Morphology Study

Material Scale Up

Pipe Bending Study

Property Determination

Material Joining

Non-destructive Testing

Specification, Codes and Qualifications

N OO W

Valve Development
Loop Stress Analysis
Pumps and Flowmeter
Sliding Friction

Diffusion Pump Backstreaming

Months

Figur«



before start

Months after start of Test Facility Program

4131211

2

314 (5]6(7|8|9]10|11]12]13[14{15N16[17[18 19 (20|21

L

-
-—

TT

1

P 45. Development Program Schedule.

22y-2-




APPENDIX
-225-

lll-ﬁlllilll"l--ll'r




01-0020-00-B
01-0021-00-B
01-0022-00-B
01-0030-00-B
01-0033-00-B
01-0034-00-B
01-0042-00-A
01-0046-00-A
01-0049-00-A
01-0050-00-A
03-0005-00-A
03-0010-00-B

03-0012-00-A

03-0013-00-B
03-0014-00-B

03-0015-00-A

03-0018-00-A

PRECEDING PAGE BLANK NOT FILMED. -227-
FRZCEDING PAGE BLANK NOT FILMED.

R ——

SPECIFICATIONS
Boiler Assembly.
Simulator Assembly . . . . . . . . . . . . . . ..
Condenser Assembly . . . . . . . « . v « v v v v W ..
Refractory Alloy Vaives. . . . . . . . . . .

Refractory Alloy Alkali Metal Pump . . . . . . . . . . . . . .

Refractory Alloy Alkali Metal Flowmeter. . . . . . . . . .
Sheet, Plate, and Strip: FS-85(Cb-28Ta-10.5W-0.9Zr)Alloy
Bar and Rod: F5-85(Ch-28Ta-10.5W-0.92r)Alloy . . . . . . .
Seamless Tubing and Pipe: FS5-85 (Cb-28Ta-10.5W-0.9Zr)Alloy.
High Purity Lithium Metal. . . . . . . . . . . . . . . ..
High Purity Grade Potassium Metal.

Hot Trapped High Purity Grade Potassium Metal.

Foil: FS-85(Cb-28Ta-10.5W-0.9Zr)Alloy. . . . . . . .

Wire: FS-85(Cb-28Ta-10.5W-0.9Zr)All0y. . . . . . « + « o« . .
High Purity Grade Sodium Potassium Alloys (NaK). .

Hot Trapped High Purity Grade Sodium Potassium Alloys (NakK).
Welding of Columibum-1% Zirconium Alloy by the Inert-Gas

Chemical Cleaning of Columbium and Columbium Alloy Products.

Welding of Columbium~1% Zirconium Alloy by the Electron

Beam Process . . . . . . . . . .00 e e e e e e e
Mass Spectrometric Leak Detection Using Helium . . . . . .
Welding of Austenitic Stainless Steels . . . . . . . . . . .

Arc Weld Groove Designs for Austenitic Stainless Steels,
L-605, Columbium, and Tantalum Alloys. . . . . . . . . . .

Alkali Metal Handling and Control Procedures . . . . .

Vapor Pressure-Fire Point Characteristics of Diffusion Pump
Fluids

. s o o - . . . - . . . - . . - . . . - . . - .

Page

229

241
247
257
263
269
285
299
315
321
327
335
343
351
355
363
373

377

385

393

405

411

467

PRECEDING PAGE BLANK NOT FILMED.




No.. S-1

NASw-943

December 11, 1964
Page 1 of 5

PRELIMINARY SPECIFICATION

BOILER ASSEMBLY

SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
. GENERAL ELECTRIC COMPANY

Cincinnati, Ohio 45215
-229-~

PRECEDING PAGE BLANK NOT FILMED.



1.1

2.1
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No. S-1

NASw-94L3 .
December 11, 196k
Page 2 of 5

GENERAL ELECTRIC COMPANY
RE-ENTRY SYSTEMS DEPARTMENT
SPACE POWER AND PROPULSION SECTION

PRELIMINARY SPECIFICATION

SCOPE

BOILER ASSEMBLY

Scope. This specification covers the facility boiler assembly for
generation of potassium vapor to be used in testing advanced space

pover system components.

The boiler assembly is intenrded for use

in the 15 MW Space Power Test Facility to transport heat from the
primary loop to the secondary loop under typical advanced power

system operating conditions.

APPLICABLE DOCUMENTS

Government Documents. The following government documents of the issue
in effect on the date of this specification form & part of the specification
to the extent specified herein.

MIL-D-70327

MIL-STD-129

MIL-3TD-130

MIL-STD-810

MIL-STD-143

MIL-STD-271C

Non-Government Documents

SPPS Spec. 03-0013-00-B
(August 2, 1965)

SPPS Spec. 01-0020-00-B
(23 December 1964)

-230-

Drawings, engineering and
associated tests.

Marking for shipment and storage.

Identification marking of U.S.
military property.

Environmental test methods.

Use of specification and
standards,
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Mass Spectrometric Leak
Detection Using Helium

Sheet, Plate, and Strip:
FS-85 (Cb-28Ta-10,5W-0,9Zr)
Alloy
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SPPS Spec. 01-0021-00-B
(23 December 1964)

SPPS Spec. 01-0022-00-B
(23 December 1964)

SPPS Spec. 03-0010-00-B
(26 July 1963)

SPPS Spec. 03-0005-00-A

(24 September 1963)

SPPS Spec. 03-0012-00-A
(24 January 1964)

SPPS Spec. 03-0015-00-A
(30 April 1964)
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Bar and Rod: FS-85
(Cb-28Ta-10.5W-0.9Zr) Alloy

Seamless Tubing and Pipe:
FS-85
(Cb-28Ta-10.5W-0.9Zr ) Alloy

Chemical Cleaning of Columbium and
Columbium Alloy Products

Welding of Columbium-1% Zirconium
Alloy by the Inert-Gas Tungsten
Arc Process (Where Applicable)

Welding of Columbium-1% Zirconium
Alloy by the Electron Beam Process
(Where Applicable)

Arc Weld Groove Designs for
Austenitic Stainless Steels, L-605,
Columbium and Tantalum Alloys

ASME Boiler and Pressure Code, Section III, Rules for Construction of
Nuclear Vessels (where applicable).

REQUIREMENTS

The boiler is required to generate dry saturated potassium vapor with up
to 100°F of superheat at design outlet temperature. The design condition

for full load is as follows:

Heating Fluid

Inlet temperature, °F
Outlet temperature, °OF
Inlet pressure, psia
Outlet pressure, psia
Flow rate, 1bs/sec

Boiling Fluid

Inlet temperature, °F
Outlet temperature, OF
Inlet pressure, psia
Outlet pressure, psia
Flow rate, lbs/sec

Heat Load, KW
Design 1life, hrs.

Lithium (1)

2200
2100
Lo
25

143

Potassium (2)

1345-2050
2050

225

179
7.7

15,000
30,000
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The once-through L-tube boiler design shall be constructed as shown in
Figure 8 (Illustrations). Lithium flows on the shell side and potassium
will be vaporized inside the tube. An insert design based upon experi-
mental results from NAS 3-2528 will be specified.

The boiler design will permit counter-current or parallel flow of fluids
through the boiler, as may be desired by the NASA tests. Slight deviations
in shell side temperatures to lower values will be permitted for the
parallel flow case.

A complete mechanical analysis for structural integrity shall be prepared
in accordance with the requirements of Section III of the ASME Boiler

and Pressure Vessel code. The thermal performance of the boiler shall
be analyzed over the heat load range from 1500 to 15,000 KW.

The material of construction for the boiler assembly will be FS-85
(Cb-28Ta-10.5W-0.9%r) alloy. The material to be supplied for this boiler
will be in accordance with the applicable specifications (SPPS 01-0020-00-B,
01-0021-00-B, 00-0022-00-~B). All welding will be in accordance with

SPPS 03-0005-00-A and inspection by mass spectrometer, as described in
specification SPPS 03-0013-00-B.

The operational environment for this facility will be 10-9 Torr within
the space power chamber at the Lewis Research Center. It is imperative
that heat losses be minimized to control cryogenic cooling requirements
of the facility.

4, QUALTITY ASSURANCE PROVISIONS

The general provisions for quality assurance contained in NASA document
QA-28 and MIL-Q-9858 will be followed in design, manufacture and testing.

Se PREPARATION FOR DELIVERY

5.1 Preservation and Packaging

5.1.1 Cleaning - In order to meet the stringent life, performance and reliability
requirements of the subsystem it is necessary that the utmost care be
taken to assure that the component is free from actual or incipient
contamination.

5.1.1.1 Part Degreasing - After all fabrication processes,where applicable
the parts shall be degreased., The parts shall be inspected under an
ultra violet lamp, 2500 to 3700 angstroms wave length, to verify that
they have been degreased. Thereafter the parts shall be stored in
plastic bags or other containers which are equally as clean until ready
for assembly.

5.1.1.2 Temporary Parts - Temporary parts such as port closures, shipping
bags, etc., shall be cleaned to the same level as the parts in the
assembly.
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5.1.1.3 Inspection - Prior to assembly and after fabrication processes
have been completed, a2ll parts which comprise the final assembly shall
be inspected to assure freedom from burrs, feather edges, attached slivers
or any other similar type particles which could subsequently become
dislodged. This inspection shall alsc include checking the plating,
coating or any other finish to assure that a satisfactory bond exists
and that there is no danger of flaking, peeling or other possible surface
deterioration which could constitute a contamination hazard.

5.1.1.4 Cleaning of the Assembly - The component including the shipping bag,
port closures, etc., shall be thoroughly cleaned using procedures and
equipment which will be clean to the level specified below. The gases
and/or liquids used in this process shall have been passed, finally,
through a 5 micron absolute filter. The parts shall be cleaned until
the final rinse solution contains no more than the numbers of particles

shown below per 100 ML of solution filtered through a standard HA
millipore filter.

Particle Size - Microns Max. Number of Particles
10-30 160
30-40 4o
40-80 20
80-up 0
5.1.2 Pacggging - Precautions shall be taken to assure that the component

contains no residual cleaner either as a solid, liquid or gas. The
component shall be double sealed in 2 polyethylene or nylon bags of a
thickness of at least 5 mils and the ports shall be sealed.

REFERENCES ¢

(1) Properties of Inorganic Working Fluids and Coolants for Space Applications,
Part II, Liquid Metals WADC TR59-598.

(2) Thermodynamic Properties of Potassium Calculated from Experimental Data in
the Temperature Range of 1200 to 2700°R. General Electric Company R63FPD375
by T.A., Phillips and M.E. McCarthy.
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RE-ENTRY SYSTEMS DEPARTMENT
SPACE POWER & PROPULSION SECTION

PRELIMINARY SPECIFICATION

SCOPE

SIMULATOR ASSEMBLY

Scope. This specification covers the facility turbine simulator assembly
for power extraction from potassium vapor to be used in testing advanced

space power system components.

The turbine simulator is intended for

use in the 15 MW Space Power Test Facility to extract power from the
secondary loop to simulate a 2 MW (electric) output power turbine.

APPLICABLE DOCUMENTS

Government Documents.

MIL-D-T70327

MIL-STD-129

MIL-SID-130

MIL-STD-810
MIL-STD-143

MIL-3ID-271C

The following government documents of the issue
in effect on the date of this specification form a part of the specification
to the extent specified herein.

Drawings, engineering and associated

tests.,

Marking for shipment and storage.

Identification marking of U.S.

military property.

Envircnmental test methods.

Use of specification and standards.

(SHIPS)

Non-Government Documents

SPPS Spec. 03-0013-00-B

(August 2, 1965)

SPPS Spec. 01-0020-00-B

(23 December 1964)

SPPS Spec. 01-0021-00-B

(23 December 1964)

SPPS Spec. 01-0022-00-B

(23 December 1964)

Using Helium.

Mass Spectrometric Leak Detection

Sheet, Plate, and Strip: FS-85

(Cb-28Ta-10.5W=0,92r ) Alloy

Bar and Rod: FS-85

(Cb-28Ta-10.5W-0.9Zr) Alloy

Seamless Tubing and Pipe:

F5-85

(Cb-28Ta-10.5W-0.92r) Alloy
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Chemical Cleaning of Columbium and
Columbium Alloy Products

Welding of Columbium-1% Zirconium
Alloy by the Inert-Gas Tungsten
Arc Process (Where Applicable)

Welding of Columbium-1% Zirconium

Alloy by

the Electron Beam Process

(Where applicable)

Arc Weld

Groove Designs for

Austenitic Stainless Steels, L-605,
Columbium and Tantalum Alloys

ASME Boiler and Pressure Code, Section III, Rules for Construction of

Nuclear Vessels (where appli

REQUIREMENTS

cable),

The simulator is required to extract heat from and reduce the pressure
of potassium vapor from a potassium boiler. The design condition for

full load is as follows:

Simulator Fluid

Inlet temperature, ©F
Outlet temperature, OF
Inlet pressure, psia
Outlet pressure, psia
Flow rate, lbs/sec
Outlet quality

Simulator Cooling Fluid

Inlet temperature, °r
Outlet temperature, OF
Inlet pressure, psia
Outlet pressure, psia
Flow rate, 1bs/sec

Heat Load, KW
Design life, hrs.

Potassium Vgpor(l)

2050
1420

179
6.4

17.7
80%

Nk (78/22)"®

1245
1395

{5
60

T1

2350
30,000

The turbine simulator design shall be constructed as shown in Figure 9
(Illustrations). Potassium vapor flows on the shell side and NaK flows
inside the tubes. Heat is removed through NaK tubes. Pressure drop is
accomplished by successive drops through orificed baffle plates.
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The flow in the simulator is co-current. The NaK flow is manifolded
from a 6' inlet and outlet pipe to 3 parallel flow, 2.5 OD x .1 wall,
pipes within the simulator.

A complete mechanical analysis for structural integrity shall be prepared
in accordance with Section III, ASME Boiler and Pressure Vessel code.

The material of construction for the simulator assembly will be FS-85
(Cb-28Ta-10.5W-0.9Zr) alloy. The material to be supplied for this
simulator will be in accordance with the applicable specifications

(SPPS 01-0020-00-B, 01-0021-00-B, 00-0022-00-B). All welding will be

in accordance with SPPS 03-0005-00-A and inspection by mass spectrometer,
as described in specification SPPS 03-0013-00-B.

The operational environment for this facility will be 10=9 Torr within
the space power chambers at the Lewis Research Center. It is imperative
that heat losses be minimized to control cryogenic cooling requirements
of the facility.

QUALITY ASSURANCE PROVISIONS

The general provisions for quality assurance contained in NASA document
QA-2a and MIL-Q-9858 will be followed in design, manufacture and testing.

PREPARATION FOR DELIVERY

Preservation and Packaging

Cleaning -~ In order to meet the stringent life, performance and
reliability requirements of the subsystem it is necessary that the utmost
care be taken to assure that the component is free from actual or
incipient contamination.

1 Part Degreasing - After all fabrication processes, where applicable
the parts shall be degreased. The parts shall be inspected under an
ultra violet lamp, 2500 to 3700 angstroms wave length, to verify that
they have been degreased. Thereafter the parts shall be stored in
plastic bags or other containers which are equally as clean until
ready for assembly.

2 Temporary Parts - Temporary parts such as port closures, shipping
bags, etc., shall be cleaned to the same level as the parts in the
assembly.

3 Inspection - Prior to assembly and after fabrication processes

have been completed, all parts which comprise the final assembly shall

be inspected to assure freedom from burrs, feather edges, attached slivers
or any other similar type particles which could subsequently become
dislodged. This inspection shall also include checking the plating,
coating or any other finish to assure that a satisfactory bond exists

and that there is no danger of flaking, peeling or other possible

surface deterioration which could constitute a contamination hazard.

-238-
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5.1.1.h Cleaning of the Assembly - The component including the shipping

bag, port closures, etc., shall be thoroughly cleaned using procedures

and eguipment which will be clean to the level specified below. The

gases and/or liquids used in this process shall have been passed, finally,
through a 5 micron absolute filter. The parts shall be cleaned until the
final rinse solution contains no more than the numbers of particles shown
below per 100 ML of solution filtered through a standard HA millipore filter.

Particle Size - Microns Max. Number of Particles
10 - 30 160
30 - 4o 4o
40 - 80 20
8C - up 0
5.1.2 Packeging - Precautions shall be taken to assure that the component
contains no residual cleaner either as a solid, liguid or gas. The
component shall be double sealed in 2 polyethylene or nylon bags of a
thickness of at least 5 mils and the ports shall be sealed.
REFERENCES :

(1) Thermodynamic Properties of Potassium Calculated from Experimental Data in the

(2)

Temperature Range of 1200 to 2700°R. General Electric Company R63FPD375 by
T.A. Phillips and M.E. McCarthy.

Liquid Metals Handbook, Sodium NaX Supplement, Atomic Energy Commission and
Dept. of the Navy, Washington, D.C. (1955) C.B. Jackson, Editor.
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GENERAL ELECTRIC COMPANY
RE~-ENTRY SYSTEMS DEPARTMENT
SPACE POWER AND PROPULSION SECTION

PRELIMINARY SPECIFICATION

CONDENSER ASSEMBLY

SCOPE

Scope. This specification covers the facility condenser assembly for the
condensation of potassium vapor to be used in testing advanced space power
system components. The condenser assembly is intended for use in the

L5MW Space Power Test Facility to transport heat from the secondary

loop to the radiator loop under typical advanced power system operating
conditions.

APPLICABLE DOCUMENTS

Government Documents. The following government documents of the issue
in effect on the date of this specification form a part of the specification
to the extent specified herein.

MIL-D-70327 Drawings, engineering and associated tests.
MIL-STD-129 Marking for shipment and storage.
MIL-STD-130 Identification marking of U.S. military

property.
MIL-STD-810 Environmental test methods.
MIL-STD-143 Use of specification and standards.
MIL-STD-271C (SHIPS)
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3.

Non-Government Documents

SPPS Spec. 03-0013-00-B
(August 2, 1965)

SPPS Spec. 01-0020-00-B
(23 December 1964)

SPPS Spec. 01-0021-00-B
(23 December 1964)

SPPS Spec. 01-0022-00-B
(23 December 1964)

SPPS Spec. 03-0010-00-B
(26 July 1963)

SPPS Spec. 03-0005-00-A
(24 September 1963)

SPPS Spec. 03-0012-00-A
(24 January 1964)

SPPS Spec. 03-0015-00-A
(30 April 1964)
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Mass Spectrometric leak Detection

Using Helium

Sheet, Plate, and Strip:

FS-85

(Cb-28Ta-10.5W-0.9Zr ) Alloy

Bar and Rod: FS-85

(Cb-28Ta-10.5W-0.92r) Alloy

Seamless Tubing and Pipe:

FS-85

(Cv-28Ta-10.5W-0.9Zr) Alloy

Chemical Cleaning of Columbium and

Columbium Alloy Products’

(Where Applicable)

Welding of Columbium-1% Zirconium
Alloy vy the Inert-Gas Tungcten

Arc Process (Where Applicable)

Welding of Columbium-1% Zirconium
Alloy by the Electron Beam Process

Arc Weld Groove Designs for
Austenitic Stainless Steels, L-605,
Columbium and Tantalum Alloys

ASME Boiler and Pressure Code, Section III, Rules for Construction of
Nuclear Vessels, (where applicable).

REQUIREMENTS

The condenser is required to condense potassium vapor from a turbine or
turbime simulator and subcool the resulting liquid a minimum of 759F,
Due to size, weight, and handling considerations, two condensers will

be required.
as follows:

Condensing Fluid

Inlet temperature, OF
Outlet temperature, ©F
Inlet pressure, psia
Outlet pressure, psia

Flow rate, lbs/sec

Cooling Fluid

Inlet temperature, OF
Outlet temperature, OF
Inlet pressure, psis
Outlet pressure, psia

Flow rate, lbs/sce

The design conditions of each condenser for full load is

Potassium Vapor (1)

1420
1345
16.4

12
8;85

(2)
NaK (78/22)

1245
1395
75

55
226
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Heat Load, KW 7,500 each
Design Life, Hrs. 30,000

The bayonet type condenser design shall be constructed as shown in
Figure 10 (Illustrations). NaK flows down and back through the tubes
and potassium will be condensed on the outside of the tubes.

A complete mechanical analysis for structural integrity shall be prepared
in accordance with the requirements of Section III of the ASME Boiler

and Pressure Vessel code. The thermal performance of each condenser
shall be analyzed over the heat load range from 750 to 7,500 KW.

The material of construction for the condenser assembly will be FS-85
(Cb-28Ta-10.5W-0.9Z2r) alloy. The material to be supplied for this
condenser will be in accordance with the applicable specifications
(SPPS 01-0020-00-B, 01-0021-00-B, 01-0022-00-B). All welding will be
in accordance with SPPS 03-0005-00-A and inspection by mass spectro-
meter, as described in Specification 03-0013-00-B.

The operational environment for this facility will be 1079 Torr
within the space power chamber at the lewis Research Center. It is
imperative that heat losses be minimized to control cryogenic cooling
requirements of the facility.

QUALITY ASSURANCE PROVISIONS

The general provisions for quality assurance contained in NASA document
QA-2a and MIL-Q-9858 will be followed in design, manufacture and testing.

PREPARATION FOR DELIVERY

Preservation and Packaging

Cleaning - In order to meet the stringent life, performance and
reliability requirements of the subsystem it is necessary that the
utmost care be taken to assure that the component is free from actual
or incipient contamination.

Part Degreasing - After all fabrication processes,where applicable

the parts shall be degreased. The parts shall be inspected under and
ultra violet lamp, 2500 to 3700 angstroms wave length, to verify that
they have been degreased. Thereafter the parts shall be stored in plastic

bags or other containers which are equally as clean until ready for assembly.

Temporary Parts - Temporary parts such as port closures, shipping bags,
etc., shall be cleaned to the same level as the parts in the assembly.

Inspection - Prior to assembly and after fabrication processes have been
completed, all parts which comprise the final assembly shall be inspected
to assure freedom from burrs, feather edges, attacned slivers or any
other similar type particles which could subsequently become dislodged.
This inspection shall also include checking the plating, coating or any
other finish to assure that a satisfactory bond exists and that there

is no danger of flaking, peeling or other possible surface deterioration
which could constitute a contamination hazard.
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Selolul Cleaning of the Assembly - The component including the shipping
bag, port closures, etc., shall be thoroughly cleaned using procedures
and equipment which will be clean to the level specified below. The
gases and/or liquids used in this process shall have been passed,
finally, through a 5 micron absolute filter. The parts shall be cleaned
until the final rinse solution contains no more than the numbers of
particles shown below per 100 ML of solution filtered through a standard
HA millipore filter.

Particle Size - Microns Max. Number of Particles
10 - 30 160
30 - 4o Lo
Lo - 8¢ 20
8C - up 0
5.1.2 Packaging - Precautions shall be taken to assure that the component

contains no residual cleaner either as a solid, liguid or gas. The
component shall be double sealed in 2 polyethylene or nylon bags of a
thickness of at least 5 mils and the ports shall be sealed,

REFERENCES:

(1) Thermodynamic Properties of Potassium Calculated from Experimental Data in
the Temperature Range of 1200 to 270C°R. General Electric Company R63FPD375
by T.A. Phillips and M.E. McCarthy.

(2) Liquid Metals Handbook, Sodium NaK Supplement, Atomic Energy Commission
and Dept. of the Navy, Washington, D.C. (1955) C.B. Jackson, Editor.
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GENERAL ELECTRIC COMPANY
RE-ENTRY SYSTEMS DEPARTMENT
SPACE POWER AND PROPULSION SECTION

PRELIMINARY SPECIFICATION

REFRACTORY ALLOY VALVES

SCOPE

Scope. This specification covers the design and fabrication of high
temperature, refractory alloy valves for use in alkali liquid metal service
in a high vacuum environment.

APPLICABLE DOCUMENTS

Government Documents. The following government documents of the issue in
effect on the date of this specification form a part of the specification
to the extent specified herein.

MIL-D-70327 Drawings, engineering and associated tests.

MIL~STD-129 Marking for shipment and storage.

MIL-STD-130 Identification marking of U.S. military
property.

MIL-STD-810 Environmental test methods.

MIL-STD-143 Use of specification and standards.

MIL-STD-271C (SHIPS)

Non~-Government Documents

SPPS Spec. 03-0013-00-B Mass Spectrometer Leak Detection
(August 2, 1965) Using Helium

SPPS Spec. 01-0020-00-B Sheet, Plate, and Strip: FS-85
(23 December 1964) (Cb~28Ta-10.5W-0.9Zr) Alloy

SPPS Spec. 01-0021-00-B Bar and Rod: FS-85

(23 December 1964) (Cb~28Ta-10.5W-0.9Zr) Alloy
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SPPS Spec. 01-0022-00-B
(23 December 1964)

SPPS Spec. 03-0010-00-B
{26 July 1963)

SPPS Spec. 03-0005-00-A
(24 September 1963)

SPPS Spec. 03-0012-00-A
(24 January 1964)

SPPS Spec. 03-0015-00-A
(30 April 1964)

SPPS Spec. 03-0014-00-B
(13 September 1965)
ASTM-A 182

ASTM-A 213

ASTM-A 240

3. REQUIREMENTS

1 x 1079 torr.

observed, shall be provided.

No.. S-4
NASw-943
December 11,
Page 3 of 9

Seamless Tubing and Pipe: FS-85
(Cb-28Ta-10.5W-0.9Z2r) Alloy

Chemical Cleaning of Columbium and
Columbium Alloy Products

Welding of Columbium-1% Zirconium
Alloy by the Inert-Gas Tungsten
Arc Process (Where Applicable)

Welding of Columbium-1% Zirconium
Alloy by the Electron Beam Process
(Where Applicable)

Arc Weld Groove Designs for
Austenitic Stainless Steels, L-605,
Columbium and Tantalum Alloys

Welding of Austenitic Stainless
Steels

3.1 All valves and actuators shall be operated in a vacuum environment of

-249-
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3.1.1 All heat rejection from the valves shall be by radiation to liq. N2 cryopanels.

3.2 All stem seals shall be the metal bellows type.

3.3 A piston operator shall be required on all valves. Valve actuation shall be
accomplished by argon gas lines connected to the piston operator; argon
actuation pressure is 90 psig. On-off valves shall have remote position
indicators. Throttle valves shall have positioners to prevent plug drift.

3.4 The design life of the valve and actuator shall be 30,000 hrs.

(See specific valve for other operating conditions.)

3.5 Valve must be drainable, under the force of gravity, in the open position.
Auxiliary drain traps are not permitted.

3.6 A means of determining bellows leakage, so that a failure can be immediately



.10
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Valve bellows may be backed up with argon gas to reduce bellows stress
during operation.

Where specific materials are cited and specifications are provided covering
these materials or their fabrication, welding, etc., these specifications
shall be compiled with. Where no material or fabrication, welding, etc.
specifications are provided, the vendor shall delineate what specification
will cover his material, inspections, welding, and fabrication.

The external finish of the valve and actuator shall be highly polished
(electropolish or vendor approved equal) to reduce outgassing. The vendor
shall select materials considering especially outgassing in the high vacuum
at mosphere.

Valve "A". (See Illustrations, Figure 7, for location.)

Location: surge tank primary loop.

Line Size: 1.25 0.D. x .1 wall tubing-butt weld ends.

Controlled media: argon gas saturated with lithium vapor.

Pressure: 70 psia max.

Temperature: 1600°F

Flow area: inlet pipe area minimum.

Valve type: angle.

Operation: on-off, 5000 cycles, fail open.

Shut-off flow: minimum-to be specified by vendor with 70 psia against plug
and 20 psia downstream of plug.

Valve material: See Paragraph 4.0.

Recommended design stress (stead state) for columbium alloy valve body:
5000 psi.

Valve "B". (See Illustrations, Figure 7, for location.)
Location: dump valve primary loop.
Line size: 2.5 0.D. x .1 wall tubing-butt weld ends.

Controlled media: 1liquid lithium.

Pressure: 70 psia max.
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3.9.5 Temperature: 1400°F steady state; 2150°F transient.
3.9.6 Flow area: inlet pipe area minimum.

3.9.7 Valve type: angle.

3.9.8 Operation: on-off, 10,000 cycles, fail open.

3.9.9 Shut-off flow: minimum-to be specified by vendor with 40 psia against plug
and 20 psia downstream of plug.

3.9.10 Valve material: See Paragraph 4.0.

3.9.11 Recommended design stress for columbium alloy valve body: 950 psi.
3.10 valve "C". (See Illustrations, Figure 7, for location.)

3.10.1 Location: boiler feed secondary loop.

3.10.2 Line size: 2.5 £.D., x .2 wall tuhing-butt weld ends.

3.10.3 Controlled media: 1liquid potassium.

3.10.4 Pressure: 250 psia max.

3.10.5 Temperature: 1500°F,

3.10.6 Flow: 190 gpm max @ 10 psi P max (flow prop to valve travel).
3.10.7 Valve type: angle.

3.10.8 Operation: throttling, fail open.

3.10.9 Shut-off flow: minimum.

3.10.10 Valve material: See Paragraph 4.0,

3.10.11 Recommended design stress for columbium alloy valve body: 35000 psi.
3.11 Valve "D". (See Illustrations, Figure 7, for location.)

3.11.1 Location: pressure equalizing line secondary loop.

3.11.2 Line size: 1.25 0.D. x .1 wall tubing-butt weld ends.

3.11.3 Controlled media: argon gas saturated with potassium vapor.
3.11.4 Pressure: 70 psia max.

3.11.5 Temperature: 1600°F.

3.11.6 Flow area: inlet pipe area minimum.
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Valve type: angle.

Operation: on-off, 5000 cycles, fail open.
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Shut-off flow: minimum~-to be specified by vendor with 70 psia against plug

and 20 psia downstream of plug.

Recommended design stress (steady state) for columbium alloy valve body:

Valve material: See Paragraph 4.0.
5000 psi.
Valve "E". (See Illustrations, Figure 7, for location.)

Location: dump valve secondary loop.

Line size: 2.5 O0.D. x .1 wall tubing-butt weld ends.

Controlled media: 1liquid potassium.

Pressure: 70 psia max.

Temperature: 1400°F steady state; 2000°F transient.

Flow area: inlet pipe area minimum.

Valve type: angle.

Operation: on-off, 10,000 cycles,

fail open.

Shut-off flow: minimum-to be specified by vendor with 40 psia against plug

and 20 psia downstream of plug.

Valve material: See Paragraph 4.0.

Recommended design stress for columbium alloy valve body:

1"

Valve ''N".

(See Illustrations, Figure 7, for location.)

Location: primary loop sample line.

Line size: 1.25 0.D. x .1 wall tubing~butt weld ends.

Controlled media: 1liquid lithium.
Pressure: 50 psia max.
Temperéture: 2100°F.

Flow area: .196 inZ minimum.

Valve type: angle.

-252-

1450 psi.




3.13.8

3.13.9

3.14.3

3.14.4

3.14.5

3.14.6

3.14.7

3.14.8

3.14.9

3.14.10

3.14.11

No. S-4

NASw-943
December 11, 1964
Page 7 of 9

Operation: intermittent sampling, 5000 cycles, fail closed.

Shut-off flow: minimum-to be specified by vendor with 50 psia against plug
and zero psia downstream of plug.

Valve material: See Paragraph 4.0.

Recommended design stress for columbium alloy valve body: 950 psi.
Valve "0". (See Illustrations, Figure 7, for location.)

Location: secondary ioop sample line.

Line size: 1.25 0.D. x .1 wall tubing-butt weld ends.

Controlled media: 1liquid potassium.

Pressure: 50 psia max.

Temperature: 1i50GOF.

Flow area: .196 in? minimum,

Valve type: angle.

Operation: intermittent sampling, 5000 cycles, fail closed.

Shut-off flow: minimum-to be specified by vendor with 50 psia against plug
and zero psia downstream of plug.

Valve material: See Paragraph 4.0.

Recommended design stress for columbium alloy valve body: 1450 psi.

MATERIALS

Materials that come in contact with the process fluid, excluding plug, valve
seat and stem guide materials, shall conform to the following specifications:

a) Bar stock per SPPS Spec. 01-0021-00-B.
b) Tubing per SPPS Spec. 01-0022-00-B.
c) Plate, sheet and strip per SPPS Spec. 01-0020-00-B.

Materials that are not wetted by the process fluid, excluding seals and
packing materials, shall conform to the following specifications:

a) Forgings per ASTM-A213.

b) Pipe and tube per ASTM-A213.
c) Plate and sheet per ASTM-A240.
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Materials used for valve seats, plugs and stem guides shall be specified by
the vendor considering the following requirements:

a) Compatibility with process fluid.
b) Galling, seizing and self welding at valve temperature and in the liquid
metal atmosphere.

FABRICATION AND WELDING REQUIREMENTS

A1l welding will be in accordance with Spec. 03-0005-00-A and 03-0014-00-B;
all weld groove designs, per Spec. 03-0015-00-A,

TESTING

Valve body and bellows shall pass a helium mass spectrometer leak test per
SPPS Spec. 03-0013-00-B. Maximum leak rate shall be 5.0 x 10710 std cc/sec
of air.

Valve body shall pass a hydrostatic pressure test; the method and pressure
used shall be determined by the vendor subject to the buyer's approval.

Valve seat leakage tests shall be specified by the vendor subject to the
buyer's approval.

Valve actuator shall pass a helium mass spectrometer leak tng per SPPS
Spec. 03-0013-00~B. Maximum leakage rate shall be 5.0 x 10 std cc/sec
of air. . ' .

Valve actuator shall pass a hydrostatic pressure test, the test pressure to be

twice the maximum operating pressure.
Valve bellows tests, hydrostatic and cyclic, shall be conducted. The vendor

shall determine the type of test, number of cycles, pressure, etc. subject
to approval by the buyer.

QUALITY ASSURANCE PROVISIONS

The general provisions for quality assurance contained in NASA document
QA-2a and MIL-Q-9858 will be followed in design, manufacture and testing.

CLEANING AND PACKAGING

Cleaning. To meet the stringent life, performance and reliability require-
ments of the subsystem, utmost care mustbe taken to assure that the component
is free from actual or incipient contamination.

Part Degreasing. After all fabrication processes, where applicable the parts
shall be degreased. The parts shall be inspected under an ultra violet lamp,
2500 to 3700 angstroms wave length, to verify that they have been degreased.
Thereafter the parts shall be stored in plastic bags or other containers,
equally as clean, until ready for assembly.
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Temporary Parts. Temporary parts, such as port closures, shipping bags, etc.,
shall be cleaned to the same level as the parts in the assembly.

Inspection. Before assembly and after fabrication processes have been com-
pleted, all parts which comprise the final assembly shall be inspected to
assure freedom from burrs, feather edges, attached slivers or any other similar
type particles which could subsequently become dislodged. This inspection
shall also include checking the plating, coating or any other finish to assure
that a satisfactory bond exists and that there is no danger of flaking, peeling
or other possible surface deterioration which could constitute a contamination
hazard.

Cleaning the Assembly. The component, including the shipping bag, port
closures, etc., shall be thoroughly cleaned using procedures and equipment
which will be clean to the level specified below. The gases and/or liquids
used in this process shall have been passed, finally, through a 5 micron
absolute filter. The parts shall be cleaned until the final rinse solution
contains no more than the numbers of particles shown below per 100 ML of
solution filtered through a standard HA millipore filter.

Particle Size, Microns Max. No. Particles
10 - 30 160
30 - 40 40
40 -~ 80 20
80 - up 0

Packaging. Precautions shall be taken to assure that the component contains

no residual cleaner either as a sclid, liquid or gas. The component shall
be double-sealed in two polyethylene or nylon bags, at least 5 mils thick,
and the ports shall be sealed.
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This specification covers the design and fabrication of high temperature,

refractory alloy pumps for pumping alkali liquid metals.

operate in a high vacuum environment.

APPLICABLE DOCUMENTS

Government Documents.

The pumps must

The following government documents of the issue

in effect on the date of this specification form a part of the specification
to the extent specified herein.

MIL-D-70327

MIL-STD-129

MIL-STD-130

MIL-STD-810
MIL-STD-143

MIL-STD-271C

Drawings, engineering and associated

tests.

Marking for shipment and storage.

Identification marking of U.S.

military property.

Environmental test methods.

Use of specification and standards.

(SHIPS)

Non~Government Documeats

SPPS Spec. 03-0013-00-B

(August 2, 1965)

SPPS Spec. 01-0020-00-B

(23 December 1964)

Using Helium

Sheet, Plate, and Strip:

Mass Spectrometric leak Detection

FS5-85

SPPS Spec. 01-0021-00-B
(23 December 1964)

SPPS Spec. 01-0022-00-B
(23 December 1964)

-2

(Cb-286Ta-10.5W=-0,9Zr) Alloy

Bar and Rod: FS-85
(Cb-28Ta-1